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keep six honest serving-men 


Thev taught me all 1 knew): 
Their names are What and Why and When 


tnd How and here and 


RUDYARD KIPLING 


HONEST SERVING-MEN 


We know a man who still persists in the worn-out 


misconception that it is an admission of weakness 


to ask for information. 


Fortunately for the progress of the metal industry, 


members of the A.S.S. T. nourish no such hand- 


icaps to advancement. 


In January, February, and March of 1933, for 
example, 3372 requests for booklets and printed 
data were received at the Cleveland office and 
distributed to Metal Progress advertisers. 


Inquiries such as these are helpful in three ways. 
They help the inquirer through the information 
thus secured. They help the advertiser by per- 
mitting him to disseminate his sales-story. They 
help Metal Progress by demonstrating to adver- 
tisers the attention it receives from readers. 


This is a period when the Open Mind is vitally 
necessary to every phase of industrial activity. 


Use your six serving-men—what.... why .. 
when... how... where... who—and let 
them assist you to the maximum. Tell us what 
type of information you would like. We will do 
our best to locate it for you. 


AMERICAN SOCIETY 
FOR STEEL TREATING 


| 
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Users of Timken Alloy Steels are get- 
ting better transmission gears than ever 
before—and with definite savings in 


production cost. So can you. 


Timken metallurgists know what you 
need, and are ready to aid you with 
Timken Steels in which scientific 
quality control, uniform chemical and 
physical properties, high metallographic 
standards and controlled grain size com- 
bine to produce greater strength; max- 


imum wear resistance; improved ma- 


chinability; minimum and uniform dis- 
tortion during heat treatment, reducing 
piloting, grinding and lapping to the 
point of elimination. 


These qualities manifest themselves in 
fewer rejections at all stages of gear 
manufacture. 


It will pay you to investigate Timken 
Alloy Steels in connection with your 
gear problems. The Timken Metallurg- 
ical Division will give you every pos- 
sible assistance. 


THE TIMKEN STEEL AND TUBE COMPANY, CANTON, OHIO 
NEW YORK »> ~ BUFFALO 

LOS ANGELES ROCHESTER 
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BETTER TRANSMISSION GEARS 
TIMKEN ALLOY STEELS 


EVERYTHING FOR 


| LINDE 
J OXYGEN 
. plants and 
warehouses in 
all industrial 
centers. 


PREST-O-LITE 
ACETYLENE 


— ... the standard 


for well over 
a quarter of a 
century. 


OXWELD 

y APPARATUS 
7 AND SUPPLIES 
...available for 
\ every oxy-acety- 
\ lene welding and 
cutting operation 


UNION 
CARBIDE 
...Sold in the famil- 
ior Blue and Grey 
drum fromover250 
warehouse stocks. 


LINDE OXYGEN + PREST-O-LITE 


Oxwelded Construction Dispels 
the Shadow of Maintenance 


In Carrier Bodies 


To the transportation industries oxwelded 
fabrication of carrier bodies has brought 
lightness combined with ample strength. 
The use of these lighter weight units has de- 
creased wear and tear on equipment and, ad- 
ditionally, the welded joint materially lim- 
its the number of potential starting points 
for corrosion. Case No. 4193** 


In Display Signs 
By oxwelding, a fabricator of large sheet 
metal signs eliminates cracking of the 
enamel over joints or fastenings, as is often 
encountered in the use of other methods of 
jointing. Creeping joints, which are caused 
by expansion and contraction of overlap- 
ping edges with temperature changes, are 
avoided, Joint corrosion is practically elimi- 
nated. This assures greater life to the sign. 
Case No. 1527** 


In Sugar Pans 


Redesign for fabrication of sugar pans by 
oxy-acetylene welding not only lowered the 
first cost but actually eliminated failures 
and the attendant maintenance. Formerly, 
these pans were riveted and, since they were 
subjected to severe pounding in service, 
maintenance was a considerable item of cost. 
Oxwelded sugar pans are stronger and better 
fitted for their work. Case No. 4289** 


In Corrosion-Resisting Specialties 


Fabrication of Monel metal for liquid 
measures, scoops, scrapers and other spe 
cialties by oxwelding assures a permanently 
strong joint as resistant to corrosion as 
though the article were formed of a single 
piece. This assures longer life. 

Case No. 4048** 


In Gasoline Piping 


Graphically, a singie drop per second 
amounts to 396 gallons per year—fuel for 
8,000 miles of travel, When the drip is from 
a gasoline line. With every joint oxy-acety- 
lene welded, this factor of leakage is elimi- 
nated. Oxwelding produces a dependable, 
tight, repair free joint—a joint that is really 
not a joint but rather a continuation of the 
pipe itself. It requires no maintenance. 

Case No, 4976** 


In Dual Service Piping 


The apparently solid floor of a large skat 
ing rink actually is honeycombed with thou- 
sands of feet of small diameter piping firmly 
embedded in concrete. This piping carries 
frigerated brine for freezing the skating 
surface, or, if the arena is t 
other purposes, steam for melting it. No me- 
chanical joint could withstand the repeated 
contraction and expansion and remain tight. 
The architect specified oxwelding for all 
joints and thus assured a permanent instal- 
lation entirely free from maintenance. 

Case No. 4173** 


re 


0 be used for 


For Your Sales Department 


Oxwelded coustruction is emphasized as 
a definite selling point in the current adver- 
tisements of many metal products. The rea- 
son for this is that industry, as a whole, 
recognizes that step by step the items that 
induced the designer and producer to utilize 
oxy-acetylene welding make more than a 
proportionate contribution toward the 
greater saleability of the product. Today, 
with the shadow of maintenance very defi 
nitely a deciding factor in every industrial 
and consumer purchase, it is good salesman 
ship to point out the vastly greater freedom 
from maintenance expense inherent in ox- 
welded construction. 


**If any of these salient features are applicable to your — tor if they suggest that redesign 


for oxwelding can make your product easier to sell an 


you want additional details, refer the 


case number to the nearest Linde District Office. The vast experience of The Linde Air Prod- 
ucts Company in the des clopment and ap ication of the oxy-acetylene process can be made of 


very real value to you, Write or ‘phone today. 


Unit of Union Carbide and Carbon Corporation 
126 Producing Plants WCC) 


IN CANADA: DOMINION OXYGEN COMPANY, LTD., TORONTO 


627 Warehouse Stocks 


ACETYLENE + OXWELD APPARATUS AND SUP 


THE LINDE AIR PRODUCTS COMPANY Asante Detroit New York 


District Offices 
Baltimore El Paso Philadelphie 
Birmingham Houston Pittsburgh 
Boston Indianapolis St. Lowis 
Buflalo Kansas City Salt Lake City 
Chicago Los Angeles Sen Francisco 
Cleveland Milwaukee Seattle 
Denver Minneapolis Tulse 


ES + UNION CARBIDE 
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Akron in Flight | 
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In Memory THE AKRON is down, and 
of the Akron — the Navy prepares to carry 

on with the Macon, remem- 
bering the traditional ery — “The King is dead; 
long live the King!” 

Others do not share this confidence. The 
record made by dirigible balloons is not impres- 
sive. Neither is the parallel between balloons 
and kings exact; although man is mortal, his 
fading life is carried on by the vounger genera- 
tion. It is thus with all life that has adapted 
itself to its environment. 

Others do not share this confidence for they 
have grave doubts whether it is possible to 
adapt these huge airships to their environment. 
lf rigid dirigibles are made strong enough to 
survive storms that attract litthe notice on land 
or sea, they will probably be too heavy to fly, 
or at least to fly far. 

Possibly ai small dirigible could have 
veathered those winds that wrecked the Shen- 
aidoah and the Akron. A small ship might 


tol be long enough to straddle a down draft 
While both ends were being blown upward; it 
Would be thrown violently about like a leat 
avd might crash, but not be broken in two in 
air, 

Shortly after the R-101 was wrecked in 


nee an editorial in Merat Progress ventured 
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the opinion that it would be well for aeronauts 
to learn how to design and fly small ships, 
before building and wrecking such large ones. 
This opinion of an inexpert observer is worth 
restating, although it is sure that small diri- 
gibles are not of much interest to big-Navy 
experts. Airships must be big to have large 
lift —that is, to be able to carry enough fuel 
for long cruises. (Far distant reconnaissance 
is their part in warfare.) But here comes the 
dilemma: The bigger they are the larger and 
more indeterminate are the stresses due to tur- 
bulent atmosphere. The longer the cruise, both 
in distance and in time, the more liable they 
are to run into unpredictable storms. Hence 
the bigger they are, and the farther they fly, 
the more unlikely they are to get back. 

Qn such general considerations the 
above, there will be much support to a proposal 
that the United States follow the lead of Great 
Britain in abandoning large dirigibles as instru- 
ments of national defense, and invite other 
nations to sign a general agreement to put that 
resolve into an item of international law. 

It is of course understood that, as stated each 
month on page 1, the editorials are written by the 


editor and do not represent the official views of 
the American Society for Steel Treating. 


Expanding AN enthusiastic steel salesman 
Ma . = the other day said he was get- 


M I ting a lot of new orders, and 
or eta 
was unable to see why this new 


business was appearing, vet his company had 
to light some furnaces to take care of the de- 
mand and had to send some trucks out to get 
necessary firebrick. 

Perhaps the refractories man found his stock 
so low he had to get in some more raw material, 
and ordered in a few carloads of silica rock 
and fireclay. But the excavator out in the pit 
was in bad repair and needed some new parts, 
so a requisition was sent to the manufacturer, 
who in turn had to wire to the steel company 
for some forging bars. 

That's where business comes from! 

T IS true that new uses for sizable tonnages 
of steel appear from most unexpected places. 
For instance: One bright spot last winter for 


the producers of high chromium stainless sheet 
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was New England. It appears that this alloy 
has rejuvenated the oil burner industry, given 
a very important outlet for a petroleum by- 
product closely akin to the old-fashioned coal 
oil, and has correspondingly reduced the mar- 
ket for coal, expensive by reason of a long 
freight haul. 

Smelly oil stoves and oil heaters have been 
with us for vears. To be eflicient the flame 
should heat a grille of metal to incandescence; 
most of the radiation comes from here. But in 
the past, no one knew how to make a metal 
screen that would last more than one summer's 
cooking. So the owners could not get very en- 
thusiastic about their oil stoves. Made of heat 
resisting chromium steel sheet the burners are 
now as permanent as any other part of the 
device. 

Who would think that such a homely device 
would take tons of expensive alloy in the middle 
of the world’s worst depression ? 
| ai is touted as an aid to the metal indus- 

try. We guess that the effect is indirect. 
That is not to say that orders will be signed 
when the consignee is beered up, but that fine 
metal will go into the distributing end and into 
auXiliaries rather than into breweries —— at least 
at present, 

This idea is better conveyed photographi- 
cally on page 382.) Brewers will be inclined to 
revamp old breweries conservatively with pre- 
War materials of construction and get along 
on past experience until their cash balances 
permit them to make some experiments with 


other devices having interesting possibilities. 


New Uses IN ANY unstable economic 


for Copper period, such as the one 


and Salvee 


are “frozen” and when the available currency is 


through which we are now 


passing, when bank deposits 


threatened with inflation (that) is, shrinking 
purchasing power), the citizen who might be in- 
clined to hoard his cash, if any, is puzzled what 
to do and still be safe. The standard advice is 
to buy something — anything — convert money 
of uncertain value into stable goods. (Of course, 
when this happens on a large scale, trade in- 


creases cnormously and the main object of the 
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inflationists is secured, even at the cost of t] 


thrifty souls who have laid up money agai 
the future in savings banks, insurance poli 
and trust funds.) 

One economist advises the puzzled citi: 
with ready money to buy copper wire bars. | 
price per pound is unbelievably low; the meta! 
can be stored your own cellar” with: 
damage by fire, flood, or earthquake; the bars 
weigh too much to invite pilfering; the metal jis 


an essential commodity, and discovery of 


cheap substitute is improbable. Consequen| 


the real value will remain after one, ten, or a 
hundred vears. 

Few have followed his advice. The price o! 
copper is still near its historic low. 

Silver is in a similar market position. Even 
in its present debased condition, it costs man) 
times as much as copper and therefore is not as 
suitable for individual investment. Rumor has 
it, however, that some far-seeing chemical com 
panies are quietly putting considerall 
amount of it into equipment for manufacturing 
pure caustic and other C. P. chemicals. Thus i! 
is useful at present for its high heat con 
ductivity and corrosion resistance, and undoubt 
edly at some future time will have a scrap valu 
considerably higher than its present cost new 
plus interest in the meantime. 

While silver is quite malleable, it is also 
weak, and must usually act as a liner insid 
steel support. It is easy to line a pipe length. 
say, by merely flanging out the two ends of a 
silver tube to act as a gasket between bolted 
flanges. It is not so easy to attach a liner insid 
a sizable vat or autoclave, tight enough so 
stays pul, vet loose enough to provide for larg: 
differences in expansion on heating. 


knows how to do this? 


ATA sheets in this issue and those appeat- 

ing in February and April are parts of ©! 
complete piece of work by men at Aluminum 
Research Laboratories, New Kensington, |’ 
Together with the text by Messrs. Keller 
Wilcox on page 45 of last month’s Mera Pt 
kESS, they comprise a systematic method of ¢ 
tinguishing the many intermetallic compou! 
and constituents existing in commercial alu! 


num alloys. 
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Engineering 


Material 


By H. BORNSTEIN 
Deere & Co. 
Moline. 


T.. TERM “CAST IRON” JUST LIKE THE 
term “steel” covers a wide range of engineering 
inaterials. To many of us cast iron is just “cast 
irons” a material low in price and short on 
physical properties. We forget that in many 
services cast iron is the best material which 
can be used for the purpose regardless of price. 
Furthermore, just as there are many kinds of 
steel, so there are many more kinds of cast 
on. Under such circumstances it would be 
ell to introduce this discussion by a definition 
the term, 
There are many such definitions, but a 
ally satisfactory one is vet to be found. We 


iv say, however, that cast irons are allows 
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Conveyor in Westinghouse Continuous Foundry 


of iron, carbon, and silicon, containing so much 
carbon (over 2.0',) that they are not ordinarily 
malleable, as cast, at any temperature. There 
are at least four common kinds, not including 
the special irons: 

l Pig tron, which is the product of the 
blast furnace and is either remelted and cast 
(producing gray or white iron) or it is refined 
in the steel making processes. 

2. White cast tron, which contains nearly 
all of the carbon in chemical combination with 
the iron, The presence of this iron carbide 
(cementite) makes the metal hard and brittle. 
White iron can be classed according to the 
process. It may be produced by adjusting the 
composition (as by a low silicon content) or by 
rapid cooling. Chilled cast iron is) produced 
by casting the iron against metal chills; such 
iron when cast in sand molds may have a gray 
fracture, but the chills cause rapid cooling and 
retain cementite. 

3. Malleable cast tron, which is the term 
applied to castings in which all the combined 


carbon of the white cast iron has been changed 


19 


? 
4 
% 

“a - 

— 

| 
4 
3 
2 
é 


to free carbon (temper carbon) by suitable heat 
treatment. 

1. Gray cast tron, which obtains its name 
from its characteristic gray fracture. Under 
the microscope it is found to contain very little 
free cementite. It is composed of ferrite, pearl- 
ite, steadite and graphitic carbon flakes. Struc- 
turally it is very complex, although it may be 
likened to a steel containing thousands of small 
graphite flakes. The matrix, or metal surround- 
ing the flakes, is weakest when it is all ferrite 
and strongest when it is all pearlite. However, 
the strength of the metal is more affected by the 
quantity, size, shape, and distribution of the 
vraphite than by any other factor. 

In what follows shall) confine myself 


largely to the subject of gray cast iron. 
Strength of Gray lron Castings 


It is difficult to set up a classification or 
a series of classifications for cast iron which 
would adequately cover the desired properties 
in the casting. In some cases, strength is the 
principal need, while in many others cast iron 
is selected for its hardness, wear resistance, 
resistance to shock, machinability, heat  resist- 
anee, or corrosion resistance. Frequently the 
properties desired cannot be fully described in 
terms of test results, and control tests are 
specified. 

Wherever possible, physical test properties 
should be specitied instead of chemical compo- 
sition, This recommendation is made because 
one foundry may use a certain range of com- 
position to secure certain physical properties 
While another foundry would find it) more 
conventent—— due to differences in raw mate- 
rials and melting practice to obtain these 
physical properties with a different range of 
composition. It is considered undesirable to 
specify both physical properties and composi- 
tion except when alloys are specified to 
obtain properties not readily measurable. 

The American Society for Testing Materials 
recently has developed “Ventative Specifications 
for Gray tron Castings, 18-32. where 
strength is a consideration. In these specifica- 
tions gray iron castings are classed according 
to minimum tensile strength of test bars as 


shown in the table above. 


Crass No. Minimum TENSILE Srreny 
24) 20,000 Ib. per sq.in. 
25 25,000 
30 30,000 
35 35,000 
10) 40,000 
50,000 
60 60,000 


In these specifications, transverse tests a) 
optional. Three sizes of test bars are adopted 
in order to have one of them represent. thy 
thickness of casting being bought, as follows 
a *,-in. bar (as cast) for castings with contro! 
ling sections *,; in. thick or less, a 1.2-in. bar 
for castings from *, in. to 1.1 in.; and a 2-in 
bar to represent metal in castings up to 2 in. 

In previous specifications, test’ bars were 
supposed to represent the metal in the ladle, 
but it has been realized for a number of vears 
that this viewpoint was unsatisfactory. Thy 
engineer is interested in the metal in the casting 
and not in the metal in the ladle. It is realized 
that it is frequently difficult to determine the 
size of the “controlling section.” Comparative 
hardness tests of casting and test bar may ty 
of value in this connection. 

Furthermore the problem of internal stress 
arises. The effective strength of a casting is 
the difference between the ultimate = strength 
of the material and the internal stress. Sound 
design and good foundry practice are necessary 
to keep these stresses at a minimum. Make 
the test on the casting whenever possible and 
compare it with the test on the bar; then vou 
will have a good idea of the value of the test 


bar for that particular casting. 
Value of Hardness Tests 


I want to cite one case in which hardness 
tests were of great value in determining th 
strength of castings: We had a casting used as 
a structural part where strength was important. 
and some failures had occurred in service tests 
We checked up on a large number of castings. 
including the failed ones, and found a detinit: 
relationship between hardness and the trans 
verse and tensile strengths. We were then al) 
to minimum Brinell hardness value and 
test all castings in production, which has elin 
inated the trouble. 

Hardness of the casting frequently is Us: 


as a guide to strength, machinability, or we 
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r-sistance. However, it is improper to classify 
hardness alone. 

The structure of a casting as shown under 
(he microscope gives a good indication of 
physical properties. Care should be taken in 
selecting the samples to represent the casting. 
lt is possible that classification of cast irons 
may be made on the basis of structure. 


Cast iron is widely used 


Transverse test for strength and deflection 
is the most commonly used test for cast iron. 
Its principal utility is for foundry control rather 
than for design strength. 

Impact resistance is a measurable property 
and depends largely on the form and quantity 
of the graphite. There is no standard test vet 
adopted, but a committee of the American 

Society for Testing Materials 


in the engineering and allied 200 . . - has been working on this 
industries because of the | problem for several vears 
ease with which it may be 180 -* ¥ and has made thousands of 
cast sound. Its low cost and 160 Li! . tests covering a wide range 
wide range of physical prop- ? of irons. A report will be 
erties are also of greatest + made at the meeting of the 
importance, +e in June. 

Tensile strength is’ re- “— Wear resistance is most 
varded as one of the most 100 | <> ait — important for various types 
important properties. Where — Soft, High Silicon Gray lron of service. Gray iron is ex- 
tests are correctly made, the ceptionally free from any 
results are reliable and com- : Hard, Low Silicon Grey /ron tendency to gall and seize, 
parable. The tensile strength 200}——_ due to the self-lubricating 
may readily be controlled > | | action of the graphite flakes. 
within desired limits. Cast Where resistance to severe 
irons will range from. less 160 og} — 08 abrasion required, the 
than 20,000 Ib. per sq.in. for sad ee hardness of the white or 
soft, weak iron to over 60,- ps chilled iron is a desirable 
1b. per sq.in. for some of property. The properties in 
the high strength irons, espe- 280}— t 1 aes SES gray cast iron which are as- 
cially if alloved. _ High Test Cast lron sociated with a low rate of 

Compression strength of wear are pearlitic matrix, 
cast iron is usually several high hardness, and high 
times the tensile strength | strength. Other things be- 
and will range from about 2 ing equal, an iron with a 


HO0.000 to over 150.000 Tb. per 
square inch. 

Endurance limit will range from 10 to 55° 
of the tensile strength, depending upon the type 
of the cast iron. 

Elastic Properties Gray iron does not 
exactly follow Hooke’s law (that the stretch is 
proportional to the load, within the clastic 
limit), 
constant ratio, but ranges from 12,000,000 
lor the weaker irons to over 18,000,000 for the 


higher strength irons. There is no well-defined 


Hence the modulus of elasticity is not 


lastic limit, and the above figures are properly 
iken at a load equal to 25°, of the ultimate 
irength. Gray irons can sustain static loads 
idefinitely up to 80°. or more of their ultimate 


nsile strength. 
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Distance from 


enter, Inches pearlite matrix will resist 
wear better than one con- 
taining free ferrite in the microstructure. 
Comparing dissimilar irons, hardness does 
not have any relation to wear. Hlowever, for 
the same type of iron higher hardness frequently 
results in much lower rate of wear. Thus, for 
tractor evlinders, an increase of from 30) to 
points Brinell hardness proved very 
beneficial; the increased hardness and wear re- 
sistance were obtained by adding nickel and 
chromium in the ladle. There was no change 
in the machinability of the iron. 
Hardness can be controlled within certain 
limits by the method of manufacture, composi- 
tion of the iron, and rate of solidification of 


the casting. A wide range of hardnesses is to 
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Strength end Hardness of D and Iron 


0.75-1n. Diameter Bar\1.2-[n. Diameter 2-[n. Dismeter Bar Diameter Bey 
lron D Iron E lronD Tron E D Tron D Tron E 
Supports 12 12 in. 18 in. 1Bin. 24 in. 24 ir. 24 in. 24 
Transverse strength 948 /b. 765/b.\ 2298/b.\ 1,578/b\ 7,950/b.) 5,140/b.\ 25,210/b.| 14,363 
Deflection 0.185 in. 0.14 in. 0.25 in. 0.27 in 
Tensile, /b.persg.in. \37,375 \28,825 |56,870 |23590 |30,900 15,420 |\24,540 12,100 
Brinell hardness 248 241 255 255 212 187 179 137 


be had by heat treatments, ranging from slightly 
over 100 Brinell for fully annealed cast irons 
to over GOO for certain chilled and heat treated 
iron castings. 

(Corroston Special corrosion — resistance 
mav be induced by adding allows and by the 
method of manufacture. A dense grain struc- 
ture is of value. Chromium, nickel-chromium, 
copper, copper-molybdenum, and silicon have 
important eects. An austenitic iron contain- 


ing about 15°. nickel and 2.5'. chromium has 
high resistance to many acids and alkalis. Other 
corrosion resistant allovs contain TS to 30°, 
chromium with or without 8 to 11 nickel. Sil- 
icon in the amount of Il to 17%) gives great 
corrosion resistance, particularly toward acids, 

Heal Resistance Ordinary cast iron will 
retain its strength (as determined by short time 
tests) up to S50 FL When gray iron is repeat- 


edly heated above 700) it increases in size, 


Trons “D” and 


¢ 
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100 Diameters; Unetched 


which increase is permanent and more or less 
in proportion to the number of heatings and 
the temperature. Fine-grained irons with mor 
stable carbides are more resistant to such 
growth. Elements that tend to stabilize carbides 
will retard growth. 

Chromium, nickel-chromium, molybdenum, 
and silicon have been of value for improving 
the heat resistance. 


For temperatures up to 
cast irons containing Tf to 30° chro 
mium are useful. A recent development of thi 
British Cast Tron Research Association is a cast 
iron with 6 to 8 silicon. A modification of 
this is a high silicon austenitic iron containing 
6, silicon and 18% nickel. Another austenitic 
iron contains about 6°, silicon, 13°) nickel, and 
2°. chromium. 

Machinability is a most important property 
of cast iron and is not readily measurable. As 


pointed out by Mr. Palmer in Merat Progress 
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last month, one shop may consider an iron 
machinable while the next shop will find it 
unsatisfactory. Machinability ranges are wide 
and cast irons may be made to suit any condi- 
tion, remembering that ease in machining is 
usually inversely proportional to the strength 
of the casting. Additions of alloys such as 
nickel, chromium or molybdenum have specific 
effects, as do also chilling and heat treatment. 

Magnetic Properties Various cast irons 
may be used for high permeability, permanent 
magnetism, or non-magnetic properties, depend- 
ing on specific services required. An example 
of a non-magnetic cast iron is one containing 
12. nickel and 6° manganese. 

Mass Effect — Mechanical properties such 
as tensile strength, transverse strength, endur- 
ance limit and hardness vary considerably with 
change in section. An iron which may be very 
soft and easily machinable when poured into 
a heavy casting may be quite hard and diflicult 
to machine in a light casting. Hence the com- 
position must be adjusted for the size of section. 

This difference in physical properties due 
lo mass effect is greater for the lower strength 
irons than for the higher strength irons. This 
is well shown by the accompanying microstruc- 
tures of round cast bars from *,; in. to 3 in. 
diameter cast from the same ladle of iron. Ten- 


sile test bars were machined from the centers 


of each; results are shown on the table at top 
of the opposite page. Iron PD is used for tractor 
castings, and 12% of steel was used on the 
charge; iron E is used for some farm implement 
castings, and no steel was used on the charge. 
R. S. MacPherran has also conducted some 
experiments to show the hardness of various 
sized sections of soft iron, hard gray iron, and 


high strength iron. The analyses were: 


Herc Strength 


Jota/ carbon 5.42% 5.60% 255% 


Silicon 2.23 1.29 2.23 

Sulphur 0.084 0.127 0.096 
Phosphorus 0.54 0.21 0.08 
Manganese 0.70 0.78 0.66 

Nicke/ 1.43 


His results are shown in the curves on page 
21. Each set of curves records the variation in 
hardness, center to edge, of a 1°,-in., 2"%,-in., and 
l-in. round bar; the vertical lines at the ends of 
the curves represent the surface of the test bar. 
It will be noted that with increase in strength, 
mass has less effect. 

The above mentioned work of MacPherran 
and the author was done for Committee A-3, 
A.S.T.M., and the details were published in that 


society's Proceedings in 1929 and 


lrons “D” and 250 Diameters; Etched With Nital 
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e The ideal, of course, is to use no tools except o :s 
cutting blowpipes and are welders. 

Three years’ experience at Lukens St. | 

Co. on dozens of different pieces of steel-m 

Ww Id d machinery, furnaces and appliances indicates 

e e that this ideal can be approached, despite t)y 

fact that nearly always but a single one was 


on order. Furthermore, the machines and 


structures have usually been produced in less 


p ft a t e fo r time than formerly. Nearly all of these ma- - 
chine parts and structures have now been jin 
existence a suflicient period of time, some of 

I W k Courtesy Westinghouse Electric & Mfg. Co. 
Urnace - or 
\ 
— 


By GEORGE B. CRAMP 
Coatesville, Pa. 
\ Contribution to 


the Lineoln Are 
Welding Competition 


Wi HEAVY MACHINERY DE- 


veloped from cast iron to cast steel, little 
change in design or manufacture was 
necessary during the relatively 
transition. Fabrication of welded plate, 
on the other hand, is not a short step in 
advance, but a complete departure from 
previous practice. Some well-defined 
rules of engineering design must there- 
fore be recognized, in order that the new 
method may be economically adopted 
and favorably received. 

The first decision to be made is that 
the entire machine or structure (and not 
parts of it alone) is to be of welded con- 
struction. The next important decision 
to be made is that cast designs must not 
influence the welded design. The third 
decision is to discard the use of rolled 
structural shapes, except steel plate and 
steel pipe. Bent, formed, pressed, or 


forged shapes are likewise to be avoided. 
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them nearly four years, to prove not only that the 
theory of design applied is correct, but that the con- 
structions are permissibly lighter in weight, greater 
in strength, and superior in wearing quality. 

The engineer and designer must first realize that 
all equipment may be regarded as an assembly of 
elements, such as bearings, wheels, gears, drums, 
frames, brackets, ties, bindings. If the basic design 
of these is well in’ mind, composite assemblies are 
then a logical development. 

As to raw material: Steel plates are now avail- 
able in thicknesses from !. in. up to 2 in. which have 
been rolled from sufficiently large ingots so that thes 
have uniformly good properties and high tensil 
strength, When greater thicknesses specified. 
lower stresses must be allowed. 

If stresses of from 2000 to 6000 Tb. per sq.in. ar 
allowable for cast iron and from 6000 to 12,000 1! 
for cast steel, then 12,000 to 20,000 Ib. per sq.in. should 
be permissible for welded steel plate unless suc! 
parts will be subject to heat, which will of cou! 


lower the allowable stress for any of the materia 
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The first step in fabrication after the design 
d material reach the shop is to cut the de- 
ed shape with an oxy-acetylene flame. This 
iy be performed by hand, or more rapidly 
machines set to 
With 


the “radiagraph” it is possible to cut holes as 


d accurately by use of 


it circles or odd shapes automatically. 


piece of heavy pipe of proper diameter cut to 
Both 


heads should be keved to the supporting shaft, 


length with end heads or hubs welded in. 


one end anchored with a countersunk weld, the 
other having a sliding fit over the key to take 
care of expansion. 


Water-cooled rollers in fact, water- 


Heavy Double Welds 


\ 


, Standard or QD. Pipe .. 


Standard or 
Extre Heavy 
Pipe or Tube 


small as 1 in. diameter to within |‘, in. of the 
true size through plate 2 in. thick or less. This 
automatic cutter may also be set to cut a bev- 
eled edge on either the outside or inside per- 
iphery of a ring so that the diameters of each 
bevel will be concentric to within ', in. for 
plate thicknesses of 3 in. and less. Such close 
limits are sufficient for many heavy sections, 
and represent but a moderate machining allow- 
ance When closer dimensions are required. 

As an illustration of one of the many ma- 
chine units that have been studied, converted 
to welded construction, and welded by the Luk- 
ens organization, let us briefly look at rollers. 
Rollers are particularly applicable to rolling 
mill machinery, and are a machine element 
Wherein the correct principles may be readily 
applied. Two typical forms are shown in the 
drawing above. 

The disk roller is for heavy plate mill and 
blooming mill tables. In the former mill the 
disks carry the plate on the edge or rim, and 
this rim becomes much hotter than the shaft. 
welds are therefore necessary to with- 
stand the expansion stresses, and the disks 
ould also be bored for a shrink fit. When used 
1a blooming mill the bloom will travel in the 
rooves and the entire roll is more uniformly 
ited. The welds shown will be ample for 
v side thrust. 

Plain rollers are more common for run-out 


tes. They are very simple, consisting of a 


Flexibility of Welding Method Illustrated 
by Extremes in Steel Mill Table Rollers 


cooled equipment generally — can be welded 
with the utmost facility. The design shown 
is constructed entirely of pipe and a few disks. 
The inner pipe is a manifold with branches 
leading into each compartment; the latter are 
properly baffled to require the water to flow in 
the desired direction. Usual glands or swivel 
connections are provided at inlet and outlet 
Note that all welds are back 


(countersunk) in order that the thickness of all 


ends. welds 
metal sections may be uniform. 

While such water-cooled equipment is ob- 
viously adaptable lo furnace accessories, 
and was one of the carliest applications of 
welding to furnace parts, it is less well known 
that in most cases structural steel work binding 
and buckstavs may be advantageously replaced 
by stecl slabs. The edge of a slab presents far 
less area in proportion to the bulk of the slab 
in direct contact with the refractory materials 
of a furnace than does the flange of a structural 
shape. In case a hot spot develops at the point 
where such binders are placed, the piece is 
subject to less damage and bending out of shape. 
This is a matter of importance since the life 
of a furnace roof is dependent upon the stability 
of the bindings. 

Another advantage is that the slab mav be 


cut to the economic lines of a beam of uniform 


a plan not permissible ino struc 


strength 
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tural shape, at least with economy. Repre- 
sentatives are shown in the figure below. 
The second from left is designed to take a 
thrust imposed by a flat arch of wide span. 
The right-hand type, shaped to the contour 
of the sloping back wall of an open-hearth 
furnace, should be cut so as to avoid sharp 
corners, particularly on the concave lines. 
Such variation in depth of beam avoids the 
use of “hog rods,” and generally is more eco- 
nomical in space. 

Binders may have seats welded on to 
form sockets for buckstay ends. Heavy bolts 
may also be attached at their ends, to pro- 
vide adjustment conforming to expansion and 
contraction of the furnace brickwork. 

Skewbacks made of structural shapes 
usually prove too light for large furnaces and 
heavy castings are preferred. Three steel 
slabs welded into a channel section, with bolt 
holes gas-cut in the field have many advan- 
tages. If one flange should be burned in 
service, it can readily be replaced, thus sal- 
vaging the greater proportion of the material. 
Low carbon steel plate is practically as re- 
sistant to heat as the conventional cast iron 


or cast steel skewbacks. 


Typical Shop Drawing (Lacking Detail 


Dimensions) for Front Plate for Heating 


Furnace, to be Made of Welded Plate 
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Buckstays of Slab Steel Are Readily and 


Economically Formed to Correct Contour 
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It is not necessary to confine such mate- 
rials to attachments for very large melting 
furnaces. Welded steel plate is also quit: 
applicable to bindings for furnaces for heat- 
ing and heat treating. A fallacy still persists 
that rolled steel is subject to such distortion 
by warpage in contact with heat that it is not 
a suitable material. This impression has 
been gained in most cases from the observa- 
tion of the effects of heat on relatively thin 
plates or sheets, or on structures that hav 


When rolled 


steel plate is specified in equivalent thick- 


gone through a disastrous fire. 


nesses to what is usually provided in cast 
parts, properly welded and placed where 1! 
will not come in direct contact with high 
temperatures applied at local areas, this typ: 
of construction will be found to give mos! 
satisfactory service, as has been proved at 
Lukens Steel Co. time after time. 

A practical application of these facts ts 
shown in the drawings of a double ended 
heating furnace, with hearth 8 ft. wide, 12 f! 
6 in. deep and 3 ft. 6 in. high. Intermittent! 
welds are adequate for most joints in this typ: 


of construction. Representative of the sin 


plicity of the design drawings is the detai! 
of the front plate. The lap piece at each end 
bolts into a corner post or stanchion, so t! 
entire front is removable for major repai! 
It is adequately ribbed at the top edge wh: 


it is tied to the back with two rods, thus ¢ 
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i the rigidity and strength of a beam. The 
ower edge is unstiffened, but projects down and 
ack of a binder laid flat in front of it. 

The furnace of which this is but a part is 
shown in accompanying views. The brick-lined 
door design is indicated. Its bottom ledge is 
onsiderably thicker than other members (for 
which *, in, is sufficient) as this part is usually 
the one which fails first by being burnt off or 
warped out of shape. A renewable slab sill 
is also provided on the top shelf or ledge of 
the furnace front plate. Two square openings 
are provided for inserting about six standard 
lirebrick each, to act as keys for the door lining. 
Phis door, which is entirely satisfactory, is about 
25°. lighter in metal than one made of cast 
iron or steel. 

Such parts are quite adaptable to the heat- 
ing furnace of front and back door type, an 
arrangement which permits charging pieces into 
one door and withdrawing them from the other, 
or the one furnace may serve presses located 
on either side. Both sides of the furnace are 
therefore the same, except that the damper and 
operating rig is missing on one, 

Doors are raised and lowered by a single 
air evlinder for each door, the cylinders them- 
selves being made by a welding of extra strong 
pipe, and mounted on welded steel bases. They 
are supported on top beams at each end of the 
furnace; these beams are composed of two wide 


bars adequately stiffened with separators and 


welded together; this arrangement also pro- 
vides a housing for the rope sheave wheels. 
The beams are in turn supported by brackets 
Which are part of the stanchions (corner posts). 

Two counterweights and rigs are provided 
for each door, thus properly balancing it. The 
arrangement for operating the damper is shown 
along with the brackets for the sheave wheels. 

In sectional side elevation is shown more 
plainly the manner of carrying the door oper- 
ating cylinders. Note also that brackets are 
welded to the corner posts for carrving the 
cantilever jib cranes. 

Narrow slab buckstays serve a useful pur- 
pose in this design, as the burner and damper 
ports are so closely arranged that all room pos- 
sible is needed between the buckstays. Both 
ends of the furnace slope toward the top so 
that the door (being always tilted in an inclined 
position against the front plate) effectively 
closes the opening. 

The outstanding feature of the design of 
these furnace parts is that they have been con- 
structed entirely of welded plate, no castings 
hor patterns whatever having been used. All 
structural work has likewise been climinated, 
except that I-beams are used only for carrying 


the suspended furnace roof. 


General Drawing of Heating Furnace 
With Front and Back Door and Flat Sus- 
pended Roof. Principal parts as labeled 


make maximum use of welded steel plate 


Rope Sheaves: 
4 ai 


- 
1 
— 
—— — We 
‘ 
- ~ 
roe 
| 
| 
d | Seb | | 
| | | 
ront Plate —*. Pope Sheave 


Front View 


TAY, 1933 


27 


— 
| 
| 
| 
| 
| 
Din | 
Lu 
\ 
| } FART 
| 
Side view 
= 


i OF METAL PROGRESS HAVE 


been reminded more than once of the move- 
ments in the pipe and tube industry that have 
disturbed the equilibrium formerly maintained 
by butt-welded pipe, lap-welded pipe, and ham- 
mer-welded pipe. Seamless tubing was of 
course obtainable in the gay ninety’s, but it 
was the product of the drawbench rather than 
of the rolling mills, and the cost was too high 
for widespread use. 

Installation of Stiefel) and Mannesmann 
piercing mills at the beginning of this century 
entirely changed this picture. The seamless 
product was gradually adopted for boiler tubes 
and high pressure piping. Mechanical tubing, 
so called, came into prominence for making 
machine parts, tools, and frames. This expand- 
ing outlet encouraged manufacturers to perfect 
their piercing and rolling mills, and they were 
eventually able to compete in the sizes between 
say $!o and 6! in. for purposes where welded 
soft steel pipe formerly had a complete monop- 
oly. Generally speaking, this caused the older 
mills to reduce the prices of lap-welded pipe 
to a level where the newer and more complex 
mills could not follow. 

This, however, did not end the troubles of 
the lap-welded industry. Small thin-walled 
tubing made of bent strip, edge welded cither 
by oxv-acetvlene flame or by electrical resist- 
ance, appeared on the market for low-pressure 
or no-pressure conduit. At the other end of 
the size range, plate was bent and edge welded 
(ordinarily by electric arc) into pipes 18 in. to 
80 in. diameter, suitable for long trunk lines 
for oil and gas. This latter method of manu- 
facture is extremely flexible, there being prac- 
tically no upper limit to the pipe readily made 
with very simple equipment, 

As a consequence of these various move- 
ments the pipe purchaser now may select from 
a variety of products. (Another way of stating 
the same fact is that the pipe manufacturer 
must meet competition from of 
sources.) Without attempting great) precision 

for the boundaries are by no means fixed 
the following approximate conditions obtain in 
today’s market: 

Butt-welded and lap-welded pipe mills are 


highly mechanized and specialized to produce 
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Improved 


Seamless 


Tubing 


pipe of 0.08 to 0.12% carbon bessemer steel 
ranging from !, in. inside diameter by 0.070 
in. wall thickness up to 20 in. outside diameter. 
It is still the general purpose pipe for handling 
oil, gas, water, or other non-corrosive fluids at 
moderate pressure and normal temperature, 
and is used with screwed fittings. 

Resistance welded pipe, made by machinery 
described in Mera. Progress in September, 1930, 
offers strong competition to the above in all 
sizes becatse the process is able to weld stronger 
steels carbon up to 0.30 or even O.40°,, and 
low alloy skelp and therefore to make a tube 
with lighter walls. In small sizes particularly, 
inexpensive soft steel strip is a convenient raw 
material, and such small tubing is widely used 
for electric conduit, oil and gasoline lines at! 
hominal pressures, and for machine parts. 
Sizes range from about !, in. outside diametet 
by 0.020 in. wall to 16 in. diameter. 

Fusion welded pipe in the larger sizes may 
also use this higher carbon steel plate, unweld 
able by heat alone, and it has been widely) 
adopted for oil and gas transportation, wher 
pressures are high and weight of metal is t 
be economized. Field) joints are welded 


coupled rather than screwed. 
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Long Mandrel Bar Is Seen Entering Pierced Billet at Foot of Inclined Skids. 
Fingers then transfer it to right and it enters the elongating mill. End bear- 
ings of the work rolls flank the bell-mouthed guide, and the vertical disks 
in line with the trough) acting as guides, are enclosed in the main housing 


Seamless tubing requires a cleaner grade 
of steel, else the excessive punishment during 
fabrication will cause sizable defects to spread 
out from the inclusions. However, large 
number of forgeable allovs have been converted 
into seamless tubing. It may also fairiv be 
said that despite the excellence of present com- 
mercial practice, any welded pipe still retains 
many evidences of the joint, and this militates 
against use for high pressure, high temperature 
work, or for mechanical parts which are = se- 
verely stretched or expanded during fabrication, 
or which must resist rapidly fluctuating loads. 
For such purposes, seamless tubing well war- 
rants its additional cost. Present approximate 
limits in size for the hot rolled seamless pipe 
are 1!, in. diameter by 0.156 in. wall up to 21 in. 
outside diameter. 

Appropriate sizes of seamless tube form 
the raw materials for cold drawn tubes of any 
desired size and wall thickness down to hypo- 
dermic needles. This work is done piece hyn 
piece on a bench and requires so many auxiliary 
cleaning and annealing operations that) cold 
drawn tubing can never compete in price with 
small sizes of welded pipe. Its use is only 
justified when there are certain collateral ad- 


vantages to outweigh the higher cost per pound. 


MAY, 1933 


Fortunately for the art, there are many such 
situations, 

It is easy to understand how there may be 
a considerable overlap in the various fields, 
as roughly mapped out. Competition in recent 
vears has become especially keen. Manufac- 
turers have attempted in many ways to reduce 
their manufacturing costs and improve the 
quality and widen the adaptability. of their 
product, Some have installed electric welding 
equipment in order to meet competition on an 
equal footing. 

Babcock & Wileox Tube Co., 


cialized in seamless tubing of carbon and alloy 


having spe- 


steel, believed that there was even vel consid 
erable opportunity to improve the conventional 
manufacturing technique, and thus turn out a 
better product ata lower cost. This ought to 
be the best way to meet the changing competi- 
tive situation. Apparently its experiments with 
the Diescher mill have had the desired result. 

It will probably be well to refresh one’s 
memory as to the essential features of the con- 
ventional piercing mill, or “automatic” mill, 
as it is called in the United States. Those wish- 
ing a more detailed explanation may turn to 
Mr. MeNiffs articles in’ Mera Progress, May 


and June, 1931, or to Part IV of Camp & Francis’ 
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Inner Surface of Right Hand Tube, Rolled Over Long Mandrel 
ls Free From Spiral Undulations and Longitudinal Scores 


book “Making, Shaping and Treating of Steel.” 

In the typical mill a short round billet is 
deeply centered on the forward end, heated 
to the correct high temperature, and pushed 
endwise into the piercing mill. It is held: in 
alignment by guides and gripped between con- 
ical rolls, inclined slightly to the center line of 
the mill table and guides, in opposite directions, 
and so shaped that they roll the hot metal up 
over a conical mandrel or piercing point in a 
spiral direction. The mandrel is held up to its 
work by a water-cooled thrust rod. 

During this first or piercing operation con- 
siderable friction is developed between the hot 
metal and the guides, rolls, and mandrel. 
Guides and mandrel, being of small area, are 
badly punished, and their life between dress- 
ings is correspondingly short. 

The economical limits for first piercing are 
generally restricted to about tin. internal diam- 
eter. Larger tubes up to say 8 in. have usually 
been made by expanding on a second mill 
similar to the piercer. Recent manufacture of 
large diameter seamless pipe starts with large 


billets and larger piercing mandrels in very 
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powerful machinery. This arti 
cle, however, has to do with thy 
smaller sizes. 

To make smaller tubes in 
a conventional automatic mill, 
the next operation after pierc 
ins is to reduce the outside and 
inside diameters nearly to fin 
ished size and to the exact wall 
thickness in a 2-high plug mill. 
It takes several passes, back and 
forth; the rolls are brought 
closer together on each pass, 
and the pipe is forced directly 
over a evlindrical mandrel or 
plug (this mandrel also being 
changed for a= slightly larger 
one each time). The operation 
is now finished except for a pass 
through the reeler and a final 
pass through a sizing operation. 
Smaller diameters than are pos- 
sible to produce by plug rolling 
may be obtained on what is 
known as a sinking mill. 

This outline may possibly 
enable the reader to visualize the manufactur- 
ing plant which has been, until recently, con- 
sidered thoroughly up to date, and yet which 
was to be improved, if possible. It already had 
had the advantage of 25 vears of study, wherein 
much had been done for the quality of metal 
in the billets, for the design of heating furnaces, 
and in strengthening and refining the mills and 
auXiliaries. Yet there were some serious objec- 
tions to the mill and some limitations to the 
product which it was desirable to remove 
principally as follows: 

1. An automatic mill required heavy 
capital expenditure. 

2. It lacked flexibility, to the extent that 
it could not produce tubes with thin walls. 
thereby necessitating the larger part of the 
present cold drawing operations on pipe. 

3. The inside of the tube contained longi- 
tudinal score marks. 

1. The tube could not be made suflicientls 
accurate and uniform to meet specifications ot! 
the automotive and aeronautical industries. 

Faults in the tubing largely originated in 


the conventional plug mill. Dirt, oxide, or hot 
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etal is always caught or seized on the surface 

the plug itself not highly polished and 
ores the entire length of the pipe. Ordinarily 
ese score marks are light —a typical tube is 
-hown in the left-hand view opposite. It 
should also be remarked that these light scor- 
ngs have not led to any service failures in 
well-made tubes which have not been reduced 
much in a sinking mill. In other words, 3!. 
to d-in. boiler tubes, conforming to A.S.M.E. or 
\.S.T.M. specifications, have a practically per- 
fect record of performance over the past 25 
vears. It is only in sinking and cold drawing 
to much smaller sizes that the interior score 
marks are aggravated in depth and become 
dangerous. 

Realizing the above-mentioned difliculties, 
Samuel Diescher and August Diescher proposed 
to eliminate the plug mill by rolling a pierced 
billet over a mandrel consisting of a long piece 
of loose shafting. The first one of these im- 
proved and = simplified mills has now been 


erected at Babcock and Wilcox Tube Co. at 


New Mill Makes Tube With Thinner Walls 
A short piece of 2 in. x 16 gage tube (the 
lightest wall made so far on the Diescher 
mill) inside a piece of 3 in. x 12 gage, the 
lightest wall made on semi-automatic mill 
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Beaver Falls, Pa., under license, and operated 
with most encouraging results. 

Tube manufacture is now done on a piere- 
ing mill, an “elongator” (which replaces the 
plug mill, reels and sizing mill in an automatic 
unit) and a sinking mill when necessary for 
small diameters on order. 

A billet pierced to a relatively thick wall 
now rolls down in front of the elongator, pauses 
long enough for the mandrel to be inserted, 
and is pushed into the mill. The working rolls 
are set at a slight angle to the horizontal and 
across each other, and are shaped much like 
the rolls on the conventional reeling machine. 
The circular rolls of the plug mill are still in 
place, but are narrowed up almost to disks, 
so their contour extends only far enough around 
to guide the hot tube. The plug, of course, ts 
now a smooth rod mandrel, spinning and travy- 
cling forward about as fast as the tube itself. 
The crossed “work rolls” by themselves would 
form an oval-shaped tube, but this tendency is 
prevented by the guiding action of the rotating 
driven disks above and below. These, by the 
way, have a peripheral speed of about six times 
as fast as the work rolls and urge the tube 
forward, clongating the tube and smoothing out 
the wave-like irregularities formed during the 
piercing operation. 

Minor changes in dimension are made on 
the elongator; outside diameter is affected most 
by adjusting the disks; wall thickness by the 
work rolls. Changes require perhaps five min- 
utes. It is possible to roll the walls of a tube 
down to 114 gage (0.083 in.) on the elongator, 
much thinner than can be done on the old style 
plug mill before the tube is too cold to work. 
In one operation the eclongator may work out 
a pierced billet to four times its length, whereas 
a plug mill could not double its original length 
in one pass. 

Finished tubes are thus made from the 
billet in two passes. The difference in capital 
expenditure between an automatic anda 
Diescher unit for producing approximately the 
same diameter tubing with comparative produc- 
tion is approximately in the ratio of two to 
one in favor of the latter. In addition it makes 
lighter, smoother, and more accurate tubing 
than that heretofore obtainable hot rolled 


seamless products. 
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lime Metal for Dispensing Cheer 
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Low Cost 


& High Quality 


im Electric Furnaces 


By H. WEBBER 
Industrial Department 
General Electric Co. 
Schenectady, N.Y. 


VERY INDUSTRIAL HEATING PROBLEM 
involves two major factors — quality of the 
product and overall cost. Each should receive 
consideration. Particularly in the matter of 
cost, recent developments, such as clectric fur- 
naces with controlled atmospheres, have intro- 
duced new factors having a marked influence 
on economy. Ino many instances (where a 
uniformly treated product is required) the cost 
of the heat per B.t.u. is insignificant in relation 
to important savings in the heat treatment and 
subsequent fabrication processes. 

In the following discussion it will be ree- 
ognized that quality depends upon four princi- 
pal items: (a) Accuracy of temperature control, 
(>) uniformity of temperature distribution, (¢) 
control of furnace atmosphere, and (d) control 
of both heating and cooling rates. 

Cost, aside from quality, includes not only 
the cost of the energy but also wages for labor, 
carrving charges (interest) and depreciation), 


maintenance, cost of rejects and subsequent 
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avoidable processing. Included in the cost of! 
energy should be considered the conversio: 
efficiency, the heat absorbents other than th: 
charge itself, and the effect of intermittent op 


erating schedules. 
Quality of Product 


Accuracy of Temperature Control is of 
major importance in assuring high and uniform 
quality of product, especially for duplication 
of results. It has been achieved in all types of 
furnaces by coordinating improvements in the 
art of pyrometry with developments th: 
auxiliaries for controlling the flow of energy. 

Mere control is not all that is needed 

uniformily of temperature is of equal impor 
tance. Because of the low temperature gradient 
between the heat source and the charge, and 
because the heating units can be located wher: 
desired, the electric furnace can produce the 
highest uniformity of temperature within the 
material being heated. For instance, at a plant 
annealing high carbon steel strip, the maximum 
temperature variation throughout a stack of 
coils was found to be plus or minus 10° PF. 
a feat achieved only in the electric furnace. 
Uniformity of temperature results in uni- 
formly treated product, and is one of the major 
reasons for heating electrically. 

Almospheric Control in the electric furnace 
is positive and independent of the heat source, 
a fact which is of tremendous interest to the 
metal industries for such processes as bright 
annealing, electric furnace brazing, carburizing 
and nitriding. Heating and cooling of metals 
in such a manner as to incur no change in the 
surface after annealing or stress relieving elim- 
inates subsequent pickling or drying operations 
The electric furnace meets this requirement best 
because in a number of such operations no 
inner retort is necessary to separate the atmos 
phere from the heat source. 

An article in Progress for October 
1931 describes the construction and operation 
of continuous electric furnaces used for brigh! 
annealing punches and stampings of steel, cop 
per, bronze, nickel-silver. The work is carried 
through the heating and cooling zones on a 
woven wire alloy belt, protected by a controlled 


atmosphere until cold. Being discharged clean 
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ry and bright, the work requires no pickling 
‘other subsequent finishing operations. 

This same equipment is also suitable for 
lectric furnace brazing (actually “coppering”), 

method of joining an assembly of steel parts 
y passing them through a controlled atmos- 
phere furnace and allowing molten copper to 
flow into the tight-fitting joints. The strength 
f cam and gear clusters has been increased 
Wi to 250% by a cash register company by this 
method, and some attractive cost savings have 
iso been reported — in one instance 60°,. The 
illustration below shows such a box-type fur- 
nace to operate with a controlled atmosphere; 
it has a long cooling chamber at the rear. 

In contradistinction to those atmospheres 
which are designed to remove oxide but leave 
the metal surface otherwise unchanged, others 
add carbon or nitrogen to the steel and produce 
a hard case. Electric furnaces for economical 
nitriding were discussed by Mr. Roth in Mera 
Progress, May, 1952. Pack carburizing in boxes, 
pushed in double lines through counter-flow 
furnaces, electrically heated, is preferred 
method for recuperating the heat in the cooling 
mass. Smaller furnaces, usually evlindrical, in 
which the carburizing atmosphere is a gas (in- 


troduced as such or as a liquid hydrocarbon 


to be vaporized) vigorously circulated by a fan, 
have been inserted directly into the machine 
production line, with obvious savings in trans- 
portation, coordination, and supervision. A typ- 
ical installation is described briefly by G. T. 
Williams in Merat Progress, March, 1932. 

The quality of some products is’ closely 
associated with the rate of cooling. Various 
means are available for controlling this rate in 
electric furnaces. The furnace walls would be 
built of semi-refractory brick of low heat 
capacity (a variety which gives up its heat 
readily). 

Alloy steel bars are thus cooled at a detinite 
rate through the medium of air-cooled alloy 
tubes in the upper zone of a pit-type furnace 
chamber. Silicon steel punchings are cooled 
in the elevator furnace shown in the view on 
page 36, at the rate to give best physical and 
electrical properties, by circulating the protec- 
tive atmosphere through a surface cooler; 22 
hr. are required to bring the center of a 15 
ton stack of sheets down to 200° ©. from 625 
€. as compared with tf hr. for an equivalent 
stack under a steel hood cooling in open air. 

Another type of bell furnace with a fan 
built into the base for circulating the atmos- 


phere has been particularly successful in speed- 


Cash Register Parts Are Bright Annealed or Copper Brazed in This Box-T ype Fur- 


nace. Note the cooling chamber at the rear, and atmosphere control equipment at right 
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ing up the annealing cycle on non-ferrous 
products, with a gratifving control of grain size 


in the finished material. 
Overall Costs 


Cost per B.tu. of fuel heat is invariably 
lower than for electrical heat) usually about 
one-tenth to one-half as much. Why, then, are 
electric furnaces used where cheap fuels are 
available? The answer is partly the low 
converston effictency of fuels, which sometimes 
throws the cost pendulum the other way, and 
results in a lower heating cost for the more 
expensive heat. 

Another contributing factor is) the low 
standby losses of electric furnaces. Annealing 
boxes, sometimes two or three times as heavy 
as the charge itself, are done away with entirely 
in the electric furnace when bright annealing. 


This not only saves energy, but maintenance, 


floor space, and dirt. A comparison may | 
made between the elevator-type furnace shoy 
versus oil-fired pots for annealing steel pun 
ings. The cost reduction was $0.60 per net ton 
for energy and $2.11 per net ton for pots (elk 
tricity at S0.0127 per kw-hr. and oil at S00 
per gal. at the burner). 

Intermittent Operating Schedules 
shown some effects on the cost of operating 
electric furnaces — in many cases favorable 
fects. Short annealing ceveles are needed fo: 
rush shipments, and are thus a distinct sales 
advantage. This is especially true with the bel! 
tvpe furnace for annealing cold steel strip; light 
loads can be annealed quickly at no appreciabk 
increase in unit cost. This feature alone has 
justified several new installations. 

A short annealing evele for coiled. stee! 
strip is made possible by a heating unit which 
extends from the roof of the furnace down into 
the center of the stack of coils mounted on a 

base. <A light weight hood of 


heat resisting sheet rests in a 


Elevator Furnace for Annealing Silicon Steel Punchings in 15-Ton 
Lots. Blower recirculates furnace gas through surface cooler, thus 
speeding the cycle — especially the cooling —to the desirable rate 
for best electrical properties in the heat treated alloy steel parts 


liquid seal in the base, which in 
turn is made of semi-refractory 


brick. These two items also 


have much to do with a rapid 
and economical anneal. 

These same features, along 
with correct distribution of the 
heaters along the side wall, 
produce the utmost tempera 
ture uniformity, and the con- 
trolled atmosphere within the 
hoods preserves the finish of! 
the strip, thus adding the final 
touch to a high quality anneal! 

Electric furnaces can often 
be operated on off-peak powe! 
so as to carn a better rate. Dy) 
studving the plant loads, ele: 
tric furnaces may be scheduled 
to operate on cheaper blocks 
of power, and at the same tin 
reduce the demand charg: 
Utilities on their part are mak 
ing an earnest effort to sho 
customers how to impros 
plant load factors eat! 
lower rates. For instance, o! 


manufacturer recently o! 
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i, ned a good contract from his power company 
). installing an electric furnace designed spe- 
cally to anneal each day’s production of 


pper wire between 9 p.m. and 9 a.m. 
Artificial Atmospheres 


It is desirable to eliminate or minimize 
subsequent operations after heat treatment in 
order to avoid the cost of extra’ materials, 
handling, and injury to the product. The elec- 
tric furnace lends itself best to this end through 
the cleanliness or control of the atmosphere 
and the flexibility of design. Pickling costs are 
thus avoided by bright annealing. A promising 
future application is deoxidizing or bright nor- 
matlizing of steel sheets and strip. 

Several inexpensive gases and gas produc- 
ing equipments are now available. A controller 
of the combustion type is illustrated on this 
page. Its function is to burn city gas or natural 
vas with air, using an abnormally rich mixture 
(low air-gas ratio); the products of combustion 
are used as the furnace atmosphere. By control 
of the input ratio, the resulting gas will be 
either inert and non-explosive or reducing. 

A good gas for bright annealing is formed 
by burning three volumes of city gas with one 
of air (resulting in a 8 to 1 output-input ratio). 
lis analysis is as follows: Carbon monoxide 
carbon dioxide hydrogen methane 
and nitrogen 79.5‘ 

The equipment shown consists of a refrac- 
torv lined combustion chamber, an automatic 
proportioning burner, two compressors for 
maintaining constant input pressure of air and 
vas, and two meters for checking input, a purt- 
lier for removing oxygen and sulphur, and a 
surface cooler for condensing most of the water 
vapor from the products of combustion. 

As pointed out in an article in Mera Proe- 
“ess in April, 1932, dissociated ammonia forms 
in excellent source of reducing gas consisting 
hydrogen and 25°, nitrogen. This gas 

strongly reducing and can be burned down 
fo an inert, non-flammable mixture if desired, 
\mmonia dissociators are simple and rugged, 
msisting of an electric furnace with side-wall 
bbon resistors containing a coiled alloy tube. 
inmonia vapor travels through the alloy tube, 


‘ich contains steel balls acting as a catalyst, 
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and dissociates at the operating temperature 
of 15000 F. 

Another device originated by General Elec- 
tric engineers produces mixed gas known as 
“electrolene” from a mixture of city gas or 
natural gas with water vapor, reacting at about 
2000 FL The product is strongly reducing. A 
typical analysis is carbon monoxide 20',, car- 
methane 


bon dioxide hydrogen 


and nitrogen 4 The equipment contains a 
evlindrical electric furnace with side-wall rib- 
bon resistors, in which is supported a tubular 
alloy retort for directing the flow of the gases. 
It requires little attention after it is started. 

There are other inexpensive gases also 
available for use as controlled atmospheres, 
and it is thus evident that this phase of a heat- 
ing problem merely involves the choice of a 
gas atmosphere most suitable for the job at 
hand, depending upon the availability of ma- 
terials, the cost, and the results desired. 

It has become obvious that in weighing the 
value of electric heat for a given application, 
the ratio of the cost of the electricity to the 
total cost of the product must be considered. 
For example, a study of a number of cost sheets 
shows that this item is within ', of 1% to 3’ 
When 


viewing the problem from this angle it is seen 


of the value of the product treated. 


that a minor improvement in quality, resulting 
in higher standards of inspection, a reduction 
of subsequent processes, or a small percentage 
decrease in rejects will in itself pay the entire 
cost of electric heat. In this light. the advan 
taves of electric heating assume their tru 
significance, and the influence of new develop 


ments on economy is best appreciated. 


Device for Making Inert or Reducing Atmosphere 
hy Partial Combustion of City Gas or Natural Gas 
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processes, very few have found in less than 


Among new metallurgical 


ten vears such a great variety of technical appli- 
cations as the nitriding of steel. Its adaptation 
to so many different technical uses was mainly 
due to a very extensive and complete study of 


steels appropriate to the new process. As is 


Standard 
Steel. for 
Nitriding 


well known, the general condi- 
tions under which nitriding is 
how performed are practically 
always the same. Therefore 
the only factors affecting the 
properties of the products to 
any great extent are the composition and the 
previous heat treatment of the steels. 

This fact explains why such a great num- 
ber of nitriding steels have been tested, and why 
so many of them have been used here and there 
lor nitrided parts. 

From a practical point of view, it: would 
ertainly be a long step forward in fostering 
the commercial development of the new proc- 
ss. if it were possible to reduce the number of 

itriding steels to a few typical compositions, 


uitable for the great majority of applications. 


A move in this direction has been made in 


Europe during the last few months, so that at 
present three grades may be quoted, which in- 
clude at least 90°. of the material used in the 
industrial countries other than America. (Since 
there is very close collaboration between the 
French and Italian nitriding companies, it is 
natural that technical conditions are substan- 
tially the same in both countries.) 

In addition to the well-known nitriding 
grade of steel first proposed by the originators 
of the process (containing 1.60 to 180° chro- 
mium, O40 to 0.50°6> molybdenum, 1.00 to 1.20°, 
aluminum, and various carbon percentages) 
Messrs, Aubert & Duval Freres of Paris have 
developed and tested on a very large scale many 
other steels intended for an enormous number 
of different applications. A close study of this 
mass of experimental material accumulated 
during the last four or five years has permitted 
that firm to discard a certain number of the pro- 
posed analyses, either because in the long run 
they caused some troubles in use or because 
other less expensive or more workable steels 
could be substituted satisfactorily. At present 
the nitriding steels manufactured by Aubert & 
Duval Freres (which firm supplies all of these 
steels used in France) belong to three princi- 
pal grades. 

The first grade | have already mentioned 
above. It consists of the original chromium- 
molyvbdenum-aluminum steels, containing about 
1.00. aluminum. These have now found a well- 
detined field of application for those parts re- 
quiriag an extremely high superticial hardness, 
far superior to that obtained with case hard- 
ened steels. It may be said that this grade 
which at first had found the widest general ap- 
plications, including parts which had previously 
been case hardened is now used on a declin- 
ing scale and very seldom for replacing case 
hardening steels, 

The second and now most important grade 
includes) chromium-molybdenum-aluminum 
steels with a lower aluminum content. The 
composition falls usually within the following 
Carbon from 0.35 to 


intervals: chro- 


mium from 1.20 to 170°, molybdenum from 
0.25 to 0.59',, and aluminum from 0.25 to O.35°,. 
Such steels are used when it is essential to avoid 
any brittleness of the nitrided lavers, and vet 


necessary to reach a superficial hardness of 
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to 1000 Brinell. 


s now the largest, and includes practically all 


Their field of application 


arts where case hardened steels were formerly 
ised. They have excellent machining quali- 
ties, and are no more expensive than the engi- 
neering steels of corresponding alloy content. 

Finally, the last grade includes the nitrid- 
ing steels without aluminum, in which a higher 
content of chromium (from 2.20 to 240°) and 
a proper percentage of vanadium (from 0.10 
to 0.20°.) replace at least partially the harden- 
ing or nitriding effect of aluminum. They are 
used when a superficial hardness of about 850 
Brinell is suflicient, associated with great tough- 
ness in the surface lavers. 

Steels of a different composition are ni- 
trided at present only in exceptional cases in 
France and Italy. 

Freperico 
(Eprron’s Nore: Dr. Giolitti has just 
published a comprehensive and well-illus- 
trated volume on the nitriding process en- 
titled La Nitrurazione DelP Acciaio. The 
publisher is Ulrico Hoepli, Milan, and the 


price is 60 lire.) 
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on the stress-strain diagram of a steel test 


The serrated discontinuity 


piece, pulled at high temperature, has been 
known for many years, but no reasonable ex- 
planation has vet been given. In this country 
ladashi Kawai studied the phenomenon in con- 
nection with his investigation of the age harden- 
ing of cold worked met- 


als and alloys. the 
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tested immediately after stretching to a perma- 
nent set and unloading, no discontinuity will 
occur at the vield point, but if it is aged before 
each successive loading, such a serrated dis- 
continuity does occur. The figure below shows 
the diagram thus obtained for Swedish wrought 
iron; curve ade is of one sample which was 

aged at 100) 


to accelerate the age hard- 


for 30 min. 


Rapid Aging 
of Hor Sreel 
Tes: Pie. 


ening, and curve abe ts 
one of a sample not aged. 
Thus, if vielding and aging 
are alternately repeated, 
the tracer of a device for drawing automatically 
a stress-strain line will oscillate considerably 
upon passing the vield strength. 

In a test on iron and steel at high tem- 
perature, the velocity of aging is greater than 
at ordinary temperature and therefore the test 
piece will age or strengthen as soon as vield- 
ing takes place and this aging will raise the 
vield point. At high temperature, therefore, 
vielding and aging take place successively in 

minute steps, resulting in the ser- 


ration of the diagram, as shown 


40 
case of metals which age K 
harden after stretching 30 


S 


bevond the elastic limit, 


he found serrated 


Ny 
S 
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stress-strain diagram 


When the testing was 


S 


done at a suitable high 


Load, kg. per 


lemperature. So he con- 


S 


in the second figure. This also 
applies to any other alloy which 
ave hardens after cold work. 
According to the above view, 
the amplitude and the frequency 
of the jog on the curve of plastic 
extension depend on two factors, 


(a) the velocity of vielding and 


cluded that these rapid Oo 10 


fluctuations in load are 


Normal Stress-Strain Diagram 
of Wrought lron and Another 
Showing Elevation 
Point by Aging Immediately 
Over-Stressing 


due to successive vield- 
ing and aging. 

If a test piece of iron 
repeatedly After 


or steel is 
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Extension ,mm. 


of ) ield 


20 30 (b) the velocity of aging. In the 
case of iron and steel, both of 
these factors are very small at a 
temperature below 80° C. and so 
no serration is) observable pro- 


vided the test is made at the or- 
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tographic Stress-Strain Diagrams of at 
vious Temperatures; Normal Rate of Loading 
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dinary rate of loading. In the temperature 
range of 100° to 300° C., the serrations are most 
conspicuous, as the two factors have the most 
favorable values at these temperatures. Above 
S00 C. the curve becomes smooth, because at 
such high temperatures iron and steel are so 
plastic that a definite vield) point cannot be 
observed in a tension test. 


Koraro Honpa 


ROSNY, ULS.S.R. It is well known to 
foundrymen that the cupola should dis- 
charge a liquid rather than a sticky slag, since 
it aids in raising the quality of the cast iron, 
increasing its temperature, decreasing the melt- 
ing losses, and also in low- 


ering the fuel consumption 


Used 


and increasing the output. 
to L ique fy 


A sticky slag, on the 
Cupola Slag other hand, is liable to 

plug the tuveres and pre- 
vents the use of high sulphur coke. While lime- 
stone is usually the flux, it is sometimes difficult 
lo obtain a liquid and low-melting slag with it. 
In such cases the question of using other kinds 
of flux for diluting the cupola slag has to be 
considered. Fluorspar or open-hearth furnace 
Slag is the common “medicine.” 

At the present time this question is of great 
uportance in the Soviet Union owing to the 
w quality of the available coke and firebrick 
nd the dirtiness of the metallic charge which 


rdinarily must be melted. Fluorspar is very 
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expensive, and must be imported into our coun- 
try. Besides it corrodes the lining. Open-hearth 
slag is insuflicient in supply, and it does not 
greatly influence the condition of the cupola slag. 

The foundry department of the Scientific 
Research Institute has developed a method 
whereby common salt sodium chloride is 
used for this purpose. It is cheap and gives a 
more fusible slag than that obtained by using 
Nuorspar or open-hearth slag. 

Experiments along this line were carried 
out in Moscow in 1932. When using limestone 
alone, a very viscous slag was frequently 
formed, whereupon the addition of common salt 
to the charge quickly restored normal condi- 
tions. At the same time the melting eflicienes 
of the cupola was raised. This was done with- 
out adding to the weight of slag; when lime- 
stone alone was used as flux the slag was 6 
by weight of the iron charged, whereas it 
weighed only when common. salt) was 
added to the limestone. 

At the Podolsk machine shops (near Mos- 
cow), Where open-hearth slag had been used 
to dilute the cupola slag, ten smelting tests were 
made on a Whiting cupola with a continuous 
tap. They proved the main points already 
noted, namely that under normal working con- 
ditions the addition of common salt to the 
cupola greatly increased the fusibility of the 
slag, and raised the melting efliciency, even at 
a decreased blast. Corrosion of the lining was 
not increased, in fact decreased if anything. 

During the experiments it was observed 
that the lining was covered with an enamel 
from the melting zone to the throat opening, 
which indicates that sodium chloride used for 
diluting the slag rather reinforces than corrodes 


the lining. B. M. Sustovy 
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PAs, France Inclusions in steel and their 
elimination appear more and more as fun- 
imental problems to the metallurgists who 
isy themselves with high grade steels. Such 
clusions act not only by their proportion, their 
size and distribution in the metal, but also by 
their nature in fact, their influence may be 
very different according to their chemical com- 
position and their atomic arrangement. 

Thus the properties of hot steel are not 
influenced in the same way when the inclusions 
contained in that steel are fusible (such as oxide 
and sulphide eutectics) and when they are re- 
fractory (alumina or silica). Even in cold metal 
the influence is profound. To take only one 
instance, the perfection of polish may depend 
upon whether the inclusions, such as hard sili- 
cates and chromite or soft sulphides, may be 
polished without break- 
ing, or, on the contrary, a 
according to the brittle- 
ness of crystallized silica, Evolution of 
or titanium cyvanonitride I mc I usions 
or oxide, which hinders 
polishing of the surface, or even prevents an 
approach to the desired degree of smoothness. 

One main type of inclusion may be dis- 
missed with a mention: Those that come from 
the furnace walls, the ladle linings, and trapped 
furnace slag. Such inclusions are generally big, 
scarce in number, and not in chemical equilib- 
rium with the surrounding metal. 

The important type are indigenous; they are 
inclusions found in the heart of the metal, aris- 
ing from the chemical reactions that have taken 
place on the spot. These inclusions are gener- 
ally very fine ones. They must be considered 
as internal slags that form a scattered phase of 
line particles in the liquid metal and are in 
chemical equilibrium with it. Such a chemical 
equilibrium depends on the temperature and 
on the concentration of the various elements 
of the bath. From this statement we may de- 
rive three important causes of inclusions: 

l. Chemical variation of the metallic bath 

that is to say, the moditication of its content 

ither of “impurities” such as oxygen, sulphur, 
nd nitrogen, or of its alloying constituents. 

2. Thermal variation within the metallic 

ith cooling is usually accompanied by for- 


lation of inclusions. (Continued on page 62) 
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CHWEINFURT, To determine 

whether oxygen content influences the ten- 
sile strength of steel, it was decided to study 
some soft steel tubing, welded in an oxyv-acety- 
lene tube-welding machine, wherein the flame 
was adjusted to contain various proportions of 
oxygen and acetylene. Whether oxygen ts a 
strengthener or weakener has been speculated 
upon so often that the answer should be of in- 
terest to readers of Mrerat Progress. 

Basic mild steel strip with the following 
composition was used: Carbon 005°), man- 
ganese silicon traces, phosphorus 0.07°, , 
sulphur It had a tensile strength of 
55,000 Ib. per sq.in. and elongation, 

Smoother, more uniform welding is secured 
with the higher proportions of oxygen to acety- 
lene. On the other hand it must be admitted 
that this produces a strongly oxidizing welding 
atmosphere which causes the steel to take up 
oxygen and thus changes its properties. The 
question is, “How much is the metal weakened ?” 

Tubing is nearly always stressed by pres- 
sure from within. Tensile tests were there- 
fore made in the fixture 
shown in the sketch on the 


Strength of 
Welds 


im Osveeon 


next page. Each jaw was 
split down its center and 
when assembled pressed 
tightly against the walls of 
the tube, leaving the welded seam exposed at 
one side. In almost all the tension tests the 
weld cracked, and only these values are taken 
into consideration. 

Tubing was welded with the flame adjusted 
so the ratio of oxvgen to acetylene was 0.9, 1.0, 
1.1, and so on up to 2.1.) Average of a number 
of tension tests on tubes made with each flame 


condition, when plotted against the gas ratio, 
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ALUMINUM CONSTITUENTS ETCHED 


Immerse in acid at 70 C. for 40 sec.; quench in cold water 


IN 


25% HNO 


PL Val 


Al-Cu-Fe-Mn 


Al-fe-Mn 


Al-Cr-fe 


Keller and G. W. Wileox 


Aluminum Research Laboratories 


: | | 
| 
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rowed a horizontal straight line at about 63,000 
. per sq.in. (the dotted line in the curve). The 
inge was 59,000 to 66,000 Ib. per sq.in. 

It would appear, therefore, that the strength 
f machine welded tubing is not affected by the 
Avgen-to-acetylene ratio at the blowpipe. 

It may be noted in passing that this result 
is in contrast to the former studies on the prop- 
erties of samples welded by hand. For instance, 
Dr. Mues found a distinct maximum in ultimate 
strength and elongation when the ratio of oxygen 
to acetvlene was 1.0 to 


1.2. and Dr. Heyn found 


Correspondence 


and Foreign Letters 


hand, a sharp decrease of oxygen con- 


a similar maximum in [of | tent of the weld occurs when oxygen to 
the stiffness (bend test). ---}--- Y acetylene in the flame is less than 1. This 
Phe next thing was is a “reducing atmosphere.” 
to prove that the tube ARS _ Pipe. If the welded seam alone were ana- 
samples which had Se = lyzed which was not the case with 
equal strength, yet were VANS r samples 8 mm. wide the difference 
welded in different ra Seam would certainly be more distinet, for the 
» 
flames, actually con- inn as unmelted steel next to the weld tends to 
tained different quanti- AS neutralize the effect. 
ties of oxygen. Since de- The gases given off at 15000 C. ana- 


terminations by the vac- 


uum melting method 


vive correct values for 
oxygen only when small 
test pieces with highly 
polished surfaces are 

used, strips 8 mm. wide 

were cut out of the tube wall with the welded 
seam longitudinally in the middle. These strips 
were further cut into 80-mm., pieces for analysis. 
Determinations were made in a carbon spiral 
1420° 


mm. of mercury, and also at 1500 


furnace at and a pressure of 0.0011 


C. 


In the absence of 


and 


0.0008 mm. of mercury. 


Fixture for Testing Lon- 
gitudinal Welds in Tube 


Ivzed oxygen and nitro- 
gen. This amount of nitrogen was found 
to be the same in the other tests. 
the of the 


steel remains the same while the oxvgen 


Since strength welded 
content rises sharply, it may be assumed 
that the 


above the tensile strength is not affected by oxy- 


under conditions described 
gen in steel, 


the 


flame has a noticeable effect on the carbon con- 


The proportion of gases in welding 


tent as wellas on the (Continued on page 60) 


aluminum and silicon, all the oxvgen found & - 
came from FeO or small amounts of MnO. S aan Kons 
Quantitative reduction and correct deter- c ‘ 
mination of both oxides undoubtedly oc- & | 
| ] | 1k 
curs under the above-mentioned conditions & vA Se 
As) x cs 
of temperature and pressure. 
S 0.02 = + + + + + £ SH 
The results of the experiments are g ° Average of 6 Samples Ge 
af tf? Samnioc & Q 
shown in the curve. Increasing the oxygen OF JOMPIGS 
n the welding flame has a marked influ- S Ss 
nee on the oxygen of the weld. Indeed ~ ¢ 
he average oxygen in ten steel samples is 
loubled when the ratio of gases in the 
‘ame increases from 1 to 2. This is an Relationship Between Strength (Dotted 
‘oxidizing atmosphere.’ On the = other Line) and Oxygen in Metal (Full Line 
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ALUMINUM CONSTITUENTS ETCHED 


IN 10% NaOH 


Immerse in etchant at 70 C. for 5 sec.; rinse in cold water 


~ 
~~ 
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B Al-Cu-fe 


Al-fe-Mn 


Keller and G. W. Wilcox 


Aluminum Research Laboratories 
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Concentrates 


from current 


literature 


T= 131-lb. per vd. rail described by T. J. 

Skillman in Merar Progress, November, 1931, 
has been named a standard by the American 
Railway Engineering Association, superseding 
unused 120, 110, and 150-lb. standards. Accord- 
ing to Engineering News-Record, March 30, this 
represents the final answer to the old contro- 
versy as to whether it was better to roll a RAIL 
with a deep head giving the most metal for 
wear, or one with a rather shallow head, light 
enough so the work of rolling would improve 
its wear resistance. The latter idea has been 
proven correct by the Pennsylvania railroad, 
whose section is the result of an exhaustive 
study and has been tried out in 1's vears’ serv- 
ice in heavy tonnage tracks. It is also interest- 
ng to note that the older Pennsylvania 
engineers have been the most vigorous ex- 


ponents of the deep headed rail. 


A METHOD for the economical production of 
high-grade electric steel from scrap is de- 
cribed in Steel for March 13. It was developed 
v H. M. Naugle and A. J. Townsend, and pro- 


uces a fine-grained, non-dendritic steel, free 
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from pipe, by centrifugal casting into a rapidly 
revolving circular mold. The resulting steel 
ring is sheared along longitudinal elements into 
blooms, ready for a three-high breakdown mill. 
Since the temperature at this point is 2000) F., 
only a short heat is necessary before rolling. 
The vield of CENTRIFUGAL CAST BLOOM is 
about 98',, as compared with 80% in blooming 
mill practice, where the pipe must be cropped. 
By climinating the blooming mill, steel may be 
made in smaller lots as required by the con- 
sumer and by the use of an all-scrap charge, and 
the plant located at the point of consumption. 
Economies thus effected, as well as savings af- 
forded by the high vield of high-grade product, 
are expected to compensate for the expense of 


the electric furnace. 


YPES of high speed equipment with which 

railroads hope to recover lost) passenger 
business are described in Ratlway Age for April 
8S and 16. The 180-mile trip from Berlin to Ham- 
burg is done in 2 hr, 20 min. by a two-car train, 
with a common truck at the articulated joint. 
100-hp. diesel engines and electric generators 
are mounted low-down on front and rear trucks, 
and furnish power to motors geared to both 
axles of the center truck. PASSENGER CAR 
body has a frame welded of light) structural 
shapes, and covered with 0.08-in, sheets. Track 
frames are welded of rolled steel. Following 
automotive practice, each wheel has a brake 
drum; each brake band is operated with its own 
air evliinder. The train carries 100 passengers, 
seated as in Pullman sections, and weighs about 
1610 Ib. per passenger. 

In this country experiments tend rather to 
aluminum and stainless steel construction. As 
an example of the former, the AUTOTRAIN 
applics much of today’s automotive design. — It 
is a single car unit about half the length of the 
“Flying Hamburger” described above, and has a 
Cadillac V-16 engine, mounted under a hood at 
the front, geared to both of the front truck axles. 
The car frame is made of rolled and extruded 
aluminum allovs and sheathed in’ the same 
metal. Seating is as in a club car; fixed win- 
dows and air conditioning are features. Weight 
is 720 Ib. per passenger. Rubber cushioning is 
used extensively, even between aluminum wheel 


disks and steel treads. 
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ALUMINUM CONSTITUENTS ETCHED IN) MINED ACID 


Immerse in HE-HCIAHNO 


for IS sec.; rinse in warm water 


ALLY 


Al-fe-Mn 


I. Keller and G. 


Ww. 


Wilcox 


Aluminum Research Laboratories 
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H USBAND bids his wife good- 
bye as he leaves in the 
morning. “I'll call you up,” he 
says reassuringly. 

A guest leaves after a pleas- 
ant week-end. “L'il call you up,” 
she tells her hostess. An execu- 


desk 


matters, large 


tive sits at his handling 


varied business 
and small. “I'll call you up,” 
he answers many times in the 
course of a busy day. 

“T’ll call you up” is a phrase 
that has become part of our 
language and part of our mod- 
ern security. 

Beneath the surface meaning 
of the words is something more 
than a casual promise to main- 
tain contact. It is a phrase of 
confidence and a phrase of friend- 
ship. Implied in it is a nearness 
everybody. 


to everything and 


TELEPHONE AND TELEGRAPH 


The familiar gesture of lift 
ing the telephone receiver holds 
boundless possibilities. It may 
avert a danger, end an anxiety, 
solve a dilemma, insure an order. 
Or it may be for some trivial 
pleasant purpose—a jest to be 
shared, a greeting to be spoken. 

Over the telephone speed the 
thoughts and ideas that change 
destiny, bring new hope to the 
wondering and greater achieve- 
ment to the ambitious. Over the 
telephone come the “Yes” and 
“No,” the “ll be there” 


the “Come at once” that signify 


and 


decision and create action. 
Think what this world would 
be like if you could not tele- 
phone so easily to so many peo- 
ple. No friend or place Is ever 
far away when you can say— 


“TH call you up.” 


COMPANY # 
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Concentrates 


FOUR-HIGH cold rolling mill, constructed 

by KE. W. Bliss for American Sheet & Tin 
Plate Co. is to be used for rolling plate up to 81 
in. wide to a tolerance of 0.00025 in., with reduc- 
tions of 10 to 50% per pass (Steel, Mareh 13.) 
Working rolls are 20 in. diameter, backing rolls 
in. and roll pressure 13,000,000 Instead 
of the customary castings, it was decided to 
make roll HOUSINGS OF FORGED STEEL 
PLATE to provide the rigidity, resistance to de- 
formation, and equality of stretch in both hous- 
ings necessary for such close tolerance and high 
pressure. The housing resembles an elongated 
link, 31 ft. 10 in. long, 10 ft. 3 in. wide, and in. 
thick. The window of the housing, is 5 ft. 1 in. 
wide, leaving a post section 31x34 in. The final 
welded together to make the required thickness 


of in. Laminations of 1 to 2-in. plates, welded 


design chosen provides for four 8!.-in. slabs 


on the edges, were first considered but scrap loss 
in the windows would be too expensive. By the 
use of thick slabs, the window can be used for 


further housing sections. 


WO general assembly methods may be used 

in the erection of welded storage tank shells, 
according to H.C. Boardman in the February 
Welding Engineer. In the Belgian system the 
bottom is fabricated first, then the top ring and 
root. This is jacked up and the next rings are 
welded successively under the top one, all work 
being done on the ground. The lower edge of 
each ring is fitted around a system of guides 
tacked to the bottom plates to retain the correct 
shape. In the second method of WELDING A 
TANK, commonly used in the United States, the 
lowest ring is assembled first against guides 
tacked to the bottom plate, the plates plumbed, 
and nuts or seating devices welded on the inside 
at correct lapping distance below the top edge 
and fixed distance from the bottom. The next 
ring is set on the nuts and tacked in place, al- 
though if it does not fit evenly, no effort is made 
to force it. Vertical joints are made in the same 
way, although a line drawn on the plate and a 


horseshoe frame may be substituted for the nuts. 
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The seams are left open until the entire ring 
assembled, and except for tacking, no welding 
done until the entire shell is assembled. A mo 
complicated job is the construction of a po: 
toon-type roof, which requires a supporti: 
structure, upon which the central plate dis! 
bottom plates, channels for the inner walls o| 
the pontoon, bulkheads for liquid and gas part: 
tions, rim plates for outer walls, and trusses fo: 


stiffening the pontoon are erected in turn. 


ORKABILITY of steel sheet of deep draw 

ing quality invotves the ability to by 
stamped into shape without developing “worm” 
markings or STRETCHER STRAINS in the sur- 
face irregularities too deep to be hid by sub- 
sequent lacquer or enamel coverings. — It has 
long been known that this type of workability 
was greatest immediately after cold rolling, 
when the steel was in a state of cold plasticity, 
so-called, and this advantage gradually was lost! 
with age. Some sheet metal workers would 
therefore put sheets through a roller leveler im 
mediately before stamping them into difficult 
forms. (See Winlock and Lavergne, Meru 
ProGress, Sept., 1931.) A special device for the 
purpose is deseribed in Steel, April 24, combin- 
ing the Guibert method of the McKay Machine 
Co., and the Kelley method of Edward G. Budd 
Mfg. Co. The sheet enters a pair of hold-back 
rolls and then a double pair of pinch rolls; 
openings in all three are placed in a_ single 
plane, but have a gap in the setting between first 
and second in which a depressed idling roll is 
set. When the sheet is well gripped this idling 
roll is forced upward, causing the sheet as i 
travels forward to be flexed upward in the path 
of an inverted U, thus giving it the desired 
amount of alternate bending to produce a cold 
plastic state. Passing out from the pinch rolls, 
the sheet is fed into a roller leveler, and is ready 


for immediate stamping and pressing. 


HAT aging is greater in cold worked mat 

rials or quenched materials and that agin: 
increases rapidly with moderate increase in tem 
perature are two observations made by R. W 
Carson in American Machinist, March 29. Hi 
theory is that increasing the temperature allow 
certain unstable zones in the metal to overcom 


the decreased viscosity and be brought slow! 


METAL PROGRES 


There are many places in industry where high temperatures and 
corrosion make the use of all ordinary metals uneconomical. 
Such conditions meet their match in ENDURO, Republic's Per- 
fected Stainless Steel. 

To meet the demand for corrosion and heat-resisting alloys 
for a wide variety of specific purposes, ENDURO has been 
developed in a number of types. The result is a series of low- 
carbon stainless alloys with chromium content ranging from 4% 
to 30% and with or without other alloy additions of nickel, 
molybdenum, tungsten and other elements. This makes it possible 
to select the right type to combat atmospheric rusting, solution 
by acids and other chemical compounds, and scaling at tempera- 
tures up to 2400 degrees F. 

Write for detailed descriptive literature. 


CENTRAL ALLOY DIVISION. . MASSILLON, OHIO 
GENERAL OFFICES “Re” YOUNGSTOWN, OHIO 


Licensed under Chemical 
Foundation Patents Nos. 
1316817 and 1339378. 


ENDURO 
IS AVAILABLE IN MANY FORMS 
Sheets, in all plain and polished finishes 
and in an unusually wide range of sizes. 

Standard gauges 


Plates, in practically any size and thickness 
obtainable in plain steel; large size one- 
piece flanged and dished heads 

Strip, hot rolled, cold rolled and polished. 

Rounds, hot rolled, cold drawn, centerless 
ground and polished 

Squares, hot rolled and cold drawn. 

Hexagons, hot rolled and cold drawn. 

Flats, hot rolled and cold drawn 

Forging blanks, any reasonable weight or 
size 

Shapes, angles, channels, I-beams, etc. Sizes 
on application 

Tubing, both seamless and electric weld. 
Pickled or polished 


Welding rods, in., in., in. diameter. 

Coated and saceated carried in stock tor 
electric and acetylene welding 

Castings, furnished of ENDURO analy- 
sis by special arrangement 


Bolts and nuts, rivets, screws, wire and 
many other items can be obtained of 
ENDURO trom various sources. 


ENDURO 


REPUBLIC'S PERFECTED 
STAINLESS STEEL 
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CORROSION AND HEAT | 
MEET THEIR MATCH IN comm 
J 
it 
| 


Concentrates 


to equilibrium, Further temperature increas: 
permits more rapid internal readjustment, but 
é as unstable conditions approach equilibrium 
3 WITHO ae the aging rate diminishes. This is substantiated 
by curves illustrating experiments on springs 
@ A L T Y and other types of steel. Some recommended 
heat treatments for AGING SPRINGS are: 


AY PE I »\ Phosphor bronze, 100°C. for 15 hr.; hard drawn 
OLDEST and LARGEST brass, 120° C. for 10 hr.; hard drawn nickel, 
EXCLUSIVE MANL- nickel silver, and monel metal, 150° C. for 8 hr.; 
FACTURER OF HEAT low carbon steel and low alloy steel, 200° C. for 
AND CORROSION RE- ’ hr.; high carbon steel, nickel steel, and stain- 
SISTANT ALLOY less steel, 300° C. for 5 hr. 


‘ A ST J N G Molybdenum 


several annual reviews of the technical 


Co. has published 


GENERAL ALLOYS CO. 


BOSTON @ CHAMPAIGN 


literature about “moly” in irons and_ steels. 
Lately the importance of the alloy to gray iron 
foundries has warranted a special publication, 
and a 1935 foundry supplement is now avyail- 
able. It digests recently acquired information 
in arunning story. Prominence is given to com- 


parative tensile tests on single heats of irons, 


made by various foundries in various furnaces, 
to part of which MOLYBDENUM (often with 
nickel and chromium) has been added. Other 
data are presented on heat and wear resistance, 


hardness, and impact and compressive strength. 


IX muffle furnaces consisting of a 14!.-f! 


New 

- Bell a! nichrome tube, 2 in. diameter, slightly flat- 
Type , tened, and 0.1 in. wall thickness, which serves as 

a Retort 4 : the “susceptor” in an induction heater, have re- 


Furnace cently been installed by a manufacturer ot 
RAZOR BLADE steel. The inductors of the fur 
naces (described by E. F. Northrup in The fron 


Age, Feb. 23) are thin-walled copper tubing. 


For. 


Carbur- | 
izing... 
Nitrid water cooled, wound to operate at a tempera 
ing | ture of 1500) FF. The turns per inch are in 
creased 1 ft. from the exit end to raise th 
Bright Annealing . . . Hardening . . . Tempering ; ee 
temperature to 1600) 92 Ib. per hr. are heat 
This new furnace is universal in its application for it 
ean be used for practically any heat 
treatment. This flexibility means eco- amounts to S$) per L000 lb. 


nomical operation. Uniform results are 


treated in the six furnaces. Operating cos! 
Heating of chromium plated tubes by induc 


assured. ... Write for full information. 


American Gas Furnace Co. 
Elizabeth, New Jersey 


tion to about 1850) F. has also been found to im 


prove the cohesion and quality of the plating 


(Continued on page 8) 
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FERRO -ALLOYS 
inadium, silicon, 
omium and 
nium; silico- 
ganese, tungstcn 

moly bde num, 
duced by the 
nadium Corpora 
» of Amer ca, ate 
d by steel makers 
the production of 


eh-quality steels 


Failed... BUT- 


At Pressure of §,700 Pounds Per Square Inch 


HREE special spheres, 7’ 10" in di- 

ameter with 1 11 16” minimum 
wall thickness, each made from two 
hemispherical pressed plates joined 
by a continuous circular weld, were 
built by A. O. Smith Corporation 
for the United States Navy. 


One of the three spheres was se- 
lected at random and tested, first by 
continuous hammering with air 
hammers for over 75 hours while 
under a pressure of 2,360 Ibs. per 
square inch. Over 35,000,000 blows 
were struck, each with a measured 
energy of 5 foot pounds. 


Then the test sphere Was given two 
single blow impact tests. A 1,718 Ib. 
skull cracker was dropped from a 


height of 23 1 2 feet, first on the 
pole of the sphere, then on the weld 
while the vessel was under pressure 
of 2,620 Ibs. per square inch. The 
sphere was deformed inward! 4‘ in 
ye wall section, 3 16" on the weld. 


Finally, the vessel was pressure- 
tested to destruction. The pressure 
was increased until failure occurred 
at pressure of 5,700 Ibs. per square 
inch. 


The remaining two of these three 
special spheres are now employ ed 
by the United States Navy in the 
storage of helium gas at ordinary 


temperature but at a pressure of 


2,000 Ibs. per square inch, the cor- 
responding working stress being 


27.880 Ibs. per square inch. 


If you design, build or use pressure 
vessels for any service, you should 
have complete data on Chrome- 
Vanadium Steels that have been 
widely — and satisfactorily — em- 
ployed in forged pressure vessels 
as well as light and heavy welded 
units. Our Metallurgists will gladly 
give this information to you. Write 
us today. 


VANADIUM CORPORATION 
OF AMERICA 
120 Broadway New York, N.Y. 


PITTSBURGH 

Bridgetille, Pa Book Tower 

Plants at Bridgeville, Pa . and Niagara Falls, N.Y 

Research and Development Laboratories at 
Bridgeville, Pa 


Chrome-Vanadium Steels 


For Forged and Welded Pressure Vessels 
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ASK FOR THESE USEFUL PAMPHLETS 


Tool Steel 


\ concise folder just) issued) by 
Ludlum Steel Co. gives complete in 
formation on Saratoga, an oil hard- 
ening, non-shrinking tool steel. Full 
specifications are given for the pro- 
per heat treating of this steel, in 


cluding directions for forging. Bul- 
letin My-O4, 
“WVee-less” Arc Welds 
New literature covering very 


recent development in are welding 
has been prepared by Metal & Ther- 
mit Corp. Known as Murex Straight 
Gap welding, the new process elimi- 
nates grooving or “veeing” the 
edges even of heavy plates. Weld 
ing time is halved and other say 
ings are effected, it is claimed. Bul 
letin My-64. 


Stainless Steels 


Republic Steel Corp. offers de- 
tailed deseriptive literature on the 
subject of its line of Enduro stain 
less Steels, a series of low-carbon 
Stainless allovs with chromium con 
tent ranging from 4 to 30°-.. and 
with or without other alloy addi- 
tions of nickel, molybdenum, tung- 
sten or other elements. Bulletin 


My-S. 


Which Cast Iron? 


valuable sell 


\ novel and very 
reading chart for anvone inter 
ested ino cast iron has been com 


piled by International Nickel Co, 
The device recommends analysis 
and heat treatment and gives physi 
cal properties for cast irons suit 
able for different) applications, 
Bulletin My 4o. 


Turbo Compressors 


series of three bulletins is 
available from Spencer Turbine Co. 
deseribing their Turbo Compres- 
sors for oil and gas fired equipment 
and foundry cupolas. Sizes range 
from 100 to 2,000 cu. ft... 1 to 300 
h. p., 8 oz. to 5 Ibs. Bulletin Fe-70. 


Phosphor Bronze 


American Brass Co. has issued a 
beautiful pamphlet which describes 
the commercial forms of Anaconda 
Phosphor Bronzes, a series of deox- 
idized copper alloys containing up 
to 10°. tin, notable for high ten- 
sile strength and resistance to fa- 
tigue, corrosion and wear. Bul- 
letin Fe-89. 


Super Blowpipes 


The advent of natural gas has 
made the replacement of many 
burners imperative. American Gas 
Furnace Co. describes in an_ illus- 
trated folder blowpipes, ribbon 
burners, cross-fires, hand torches, 
ete., which are suitable for use with 
natural gas, propane butane. 
Bulletin Ja-11. 


Big-End-Up 


Gathmann Engineering Co. brief- 
ly explains the advantages’ of 
steel cast in” big-end-up ingots, 
showing the freedom from pipe, ex- 
cessive segregation and axial poros- 
itv. An ingot-to-bloom yield 
of sound steel is the usual practice. 
Bulletin Fe-13. 


How to Test Wear 


Tests of lubricants or of wear of 
moving parts may be made accu- 
rately with a new machine, made 
by Timken Roller Bearing Co. A 
bulletin tells how the machine tests 
the load carrying capacity of Ilu- 
bricants and measures the friction 


and wear of materials. Bulletin 
M-71. 
Cyanides and Salis 


Metallurgists will find valuable 
information in an 80-page booklet 
published by R & H Chemical De- 
partment of E. I. du Pont de Ne- 
mours Co. Technical information 
on the heat treatment of steels with 
cyanides and salts is presented in 
a lucid manner. Bulletin D-29. 


Atmosphere Furnaces 


A new folder issued by Surfsax 
Combustion Corp. gives” perfor: 


ance data on their atmosphere fu: 
naces compiled from installatio: 
in actual production. Operations 
described include bright anneali: 
of ferrous and non-ferrous metal! 
carburizing, nitriding, forging with 
out scale and hardening without 
scale. Illustrated. Bulletin Ap-5! 


Cut Forging Costs 


An 8-page reprint has been is 
sued by Electric Furnace Co. which 
illustrates various types of auto 
matically controlled continuous, 
semi-continuous and batch type 
forging furnaces and shows the ad 
vantages and savings effected by the 
installation of modern forging fur 
naces. Bulletin Ja-30. 


To Prevent Rust 


The well known rust preventive, 
No-Ox-Id, is now available from 
Dearborn Chemical Co. as a foun- 
dation for paint. It is available in 
the colors red, gray or black. A 
booklet explains how maximum re 
sistance to corrosion can be ob- 
tained. Bulletin Ju-36. 


Micro-Metallograph 


Metallurgists will be interested i 
the description of the Leitz Mode! 
MM-2 Micro-Metallograph. This sin 
plified instrument at low cost pro 
vides all essential optical and me 
chanical equipment to meet the re 
quirements of industry.  Bulleti 
Fe-47. 


Extensometer 


A simple but rugged extensomete! 
has been developed by Union Cat 
bide & Carbon Research Laborato 
ries. A booklet describes how it 
works and how to use it for dete! 
mining either yield point or as a 
strain gauge to show elongation un 
der specified load. Bulletin Ma-63. 


"AMERICAN" 
ELECTRIC FURNACES 


30 VON HILLERN 


IN 


WRITE FOR DATA 


AMERICAN ELECTRIC FURNACE COMPANY 


BOSTON, 


STREET 


(with atmospheric control 


ALL THE MODERN TYPES AND SIZES 
DR EVERY INDUSTRIAL APPLICATION 
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ON YOUR OWN PROBLI 


JUTHE 
GAS FURNACES 


MASSACHUSETTS 


METAL PROGRES 


Re cuperators 


he complete story of recuper- 
s built by Carborundum Co. for 
strial furnaces is told in a read- 
al booklet. The range of types 
lable is described and the op- 
erating conditions are outlined in 
, clear manner. Bulletin F-57. 


300 Stainless Uses 


Stainless steels are undoubtedly 
{ nost widely used of the alloy 
steels, according to the very inter- 
« booklet on this subject just 
issued by Electro Metallurgical Co. 
Over 300 industrial uses of chro- 
and chromium-nickel steels 
described in considerable de- 
Attractively illustrated. Bul- 
letin Ja-16. 


Tilting Pot Furnaces 


Electric Furnace Co. 
has prepared a description of its 
series of low temperature tilting pot 
furnaces specifically designed for 

elting babbitt, ete. Cast-in= im- 

ersion heating elements are used. 
Phe furnaces are especially fast and 

iy be easily moved about” the 
plant. Bulletin —2. 


Pickling Inhibitors 


\ pamphlet describing the nature 
ind use of Grasselli Inhibitors is 
ivailable to all those interested in 
the pickling of steel. It not only 
describes the merits of these in- 
hibitors, but it gives a table of sug- 
vested inhibitor strengths to be 
used in the pickling of the various 
grades of steel. Bulletin 0. 


Cast Vanadium Steel 


Strauss and 
Norris have written a_ technical 
booklet for Vanadium Corp. of 
America describing the properties 
developed by steel castings con- 
taining various percentages of va- 
idium. The information given is 


Jerome George 


complete and authoritative. Bulle- 
tin S-27. 
Globar Elements 

Globar electrical heating units 


and a variety of accessories for 
their operation have been cata- 
logued by Globar Corp. A list of 
the standard industrial type heat- 
ing elements and a coordinated list 
of terminal mountings and acces- 
sories is included. Bulletin N-25. 


Furnace Parts 


Various parts for furnaces made 
m alloys manufactured by 
river-Harris Co. are pictured and 
lescribed in an interesting publica- 
ion. Complete performance data 

d specifications of Nichrome and 
(hromax heat resisting alloys are 

ven in the booklet. Bulletin N-19. 


Refractories 


\ semi-technical booklet pre- 
ired by Norton Co. gives valuable 
formation on the manufacturing 
ocesses and the various industrial 
plications of fused alumina 
\lundum), silicon carbide (Crys- 
nm) and fused magnesia refrac- 
les products. Bulletin J-88. 
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Liquid Baths 


A competent discussion of liquid 
baths for heat treating steel at tem- 
peratures from 350 to 1800° F. ap- 
pears in a recent publication of E. 
F. Houghton & Co. <A valuable 
chapter is devoted to the proper 
design of furnaces for use with 
liquid baths which lists 20 general 
furnace requirements. Bulletin 
Ja-38. 


Scleroscopes 


The model D standard recording 
scleroscope is described and illus- 
trated in a recent publication of 
Shore Instrument Co. The theory 
and practice of hardness testing 
with this portable machine as de- 
scribed in this bulletin reveal a 
fund of valuable facts. Bulletin 
S-33. 


X-Rays in Industry 


General Electric X-Ray Corp. has 
available profusely illustrated 
brochure entitled “Industrial Appli- 
cation of the X-Ray”, which gives 
the complete story of the field of 
application of this modern inspec- 
tion tool. Valuable information is 
presented. Bulletin Ma-t. 


Low Cost Recorder 


Inexpensive dependability in 
measuring and recording temper 
ature is the great asset of the new 


Leeds & Northrup) round = chart 
Micromany indicating recorder 
Which brings the reliability and 


easv maintenance of the motor 
driven null recorder to a new low 
cost. Bulletin Ap— 46. 


Heat Resisting Alloys 


Authoritative information on al- 
loy castings, especially the chro- 
mium-nickel and straight chromium 
alloys manufactured by General Al- 
loys Co. to resist corrosion and 
high temperatures, is contained in 
one of that company’s publications. 
Bulletin D-17. 


Heat Distribution 


The advantages gained by uniform 
temperature distribution through- 
out furnace charges are fully de- 
scribed in a publication of 
Westinghouse Electric & Manu- 
facturing Co. In properly designed 
electric furnaces, heat can be ac- 
curately distributed and controlled, 
with resultant great savings in cost. 


Bulletin MP-5-33 


Stainless Sheets 


A verv useful booklet describing 
the stainless steel sheets and light 
plates made by American Sheet & 
lin Plate Co., gives recommenda- 
tions for fabrication and a descrip- 
tion of finishes and analyses avail- 
able. Bulletin Ap —%6. 


Closer Heat Control 


Anticipatory control action may 
be obtained with any pyrometet 
controller by adding the Deoscil- 
lator developed by Foxboro Co. A 
new folder tells how the device 
prevents over-controlling by aug- 
menting the thermocouple E.M.F 
when the temperature is low and 
opposing it when the temperature 
is high. Bulletin Ap—21. 


Titanium in Steel 


An elaborate catalogue prepared 
for technical readers describes the 
ferro-carbon titanium in 
steel. Titanium Alloy Manufactur- 
ing Co. prepared it. The applica 
tion of titanium in steels for forg- 
ings, castings, rails, sheets and 
plates is thoroughly described. 
Bulletin J-90. 


Heating Units 


An unique and very useful device 
for calculating heating units when 
figuring coiled units, covering wat- 
tages from 275 to 1000, has been 
prepared by Hoskins Mfg. Co. 
Iwo slotted cards are clamped back 
to back through which various data 
can be read by adjusting a card 
which slides between. Bulletin 
1-24. 


Heat Treating Data 


Brief but accurate summaries of 
the proper treatments for anneal 
ing sheets, wire, welded tanks, mal- 
leable castings and forgings are 
given in a book published by Brown 
Instrument Co. Normalizing, tem- 
pering, hardening and carburizing 
recommendations as well as many 
special treatments are included. 
Bulletin Fe-3. 


use of 


Fatigue Testing 


That discussed topic 
fatigue testing is covered in a 
publication of Thompson Grinder 
Co. Interesting data on fatigue of 
metals and a description of the ro- 
tating beam type of fatigue testing 
machine are presented. Bulletin 
D-23. 
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DRIVER-HARRIS COMPANY 


HARRISON, N.J. 
- france 
Chicago ~ - Morristown J England 
Cheveland 


for economy 


Carburizing Boxes 


Retorts 


Furnace Parts 


Pyrometer ‘Tubes 
Sheet Containers 
\l uflles 


Enameling Racks 


we “CHROMAX® 


The original heat - resisting alloy 


has been burned off is another use. 


Continuously 


Uniform 
Activity 


Because the energizing material is not 
lost. and cannot dust away when the 
material is used, Char Carburizers give 
a continuously uniform activity with 


minimum amounts of mew added. 


CHAR 


CARBURIZERS 


For EKcomomy and Quality Results 


CHAR PRODLECTS COMPANY 


MERCHANTS BANK BLDG INDIANAPOLIS 


Concentrates 


The tube acts as “susceptor” and is slowly ad 
vanced by revolving asbestos disks through 4 
short induction coil. A generator which is also 
used for melting high grade steel supplies tly 


necessary high frequency current. 


ETAL spraying, as the process has been im- 
proved to date, consists of melting fin 

wire in an oxy-acetylene flame, atomizing it by 
means of an air gun, and projecting the molten 
particles at a speed of 33,000 ft. per min. onto a 
surface previously roughened by sand blasting 
The whole unit for METALLIZING weighs 
about 2 Ib. New applications are discussed }y 
Charles Stipp in The Welding Engineer for 
March. One of these is the spraving of automo 
tive engine combustion chambers with alu- 
minum, for its high heat conductivity. Spravy- 
ing welds in galvanized sheets where the zinc 


Castings 


can be salvaged by filling blowholes and surfac 
defects, worn parts can be built up to size, and 
expensive glass-lined tanks for bromine salts 


can be patched with tantalum. 


NEW type of finish for aluminum is pro- 


vided by dyeing, as described in The Lron 


Age, March 2. The completely fabricated metal 
product is electrolytically oxidized as in deplat 
ing, and is then transferred to a vat of eithe 
organic or inorganic dye, which penetrates the 
surface to a depth of 0.0008 to O.0OL in. A high 


luster is obtained by polishing or bufling. Two 


FINISHES may be obtained: Grade A, which 
is hard and resistant to wear and weathering, 
and grade B, which is softer and may be applicd 
to aluminum sheet which is to be further draw: 
or bent into the finished product. A design may 
be provided by covering the desired areas wil! 
a gilsonite composition which protects the meta! 
surface from the dve. A wide range of colors ' 
possible, although those mixed with a large pr 
portion of white are not so successful. rh 
color has more brillianey and depth tha 
lacquer or enamel, but costs from 50 to 100 
more. The dve is not entirely satisfactory « 


alloy castings. 
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LEITZ MICRO- 
METALLOGRAPH 


Simplified Model 


NOTE: The Leits Darkfield 
Equipment and the new ser- 
ies of Leitz Objectives (cor- 
rected for infinity) are sup- 
plied with the Simplified 
Vicro-Metallograph *MM-2° 


The Inverted Microscope and Camera of Micro- has hitherto existed for micro-metallographic 
} Metallograph Simplified Model **MM-2” represent equipment arranged in its construction to meet 
a modified as well as simplified construction of the the efliciency known to exist with the large Micro- 
well known Leitz Micro-Metallograph Large Me ‘tallograph. however. in price so arranged, that 
Model “*MM-1” which is so successfully used for industrial and educational laboratories with a mod- 


micro-analysis of metals. The purpose of offering erate purchasing budget can be accommodated. 


the Simplified Model “MIM-2” is to provide at the 


Write for Literature B-7231 
lowest possible cost an instrument including all es- 


sential equipment both in optical and mechanical re- E. LEITZ. Inc., Dept. 302, 60 BE. 10th St. New York 

spects that meets the entire range of practical re- BRANCHES 

quirements from carbon-iron allovs to metals of CHICAGO, ILLINOIS WASHINGTON, D.C. 
122 Se. Michigan Ave. 927 Investment Bldg. 


every variety. 


The New 


LOS ANGELES, CALIF, SAN PRANCISOO, CALIF. 
Spindler & Sauppe Spindler & Sauppe 
BIL West Seventh Street 8 6 Fhird Street 


Instrument fulfills a demand which 


How the Ice Industry Combats Cor- 
rosion of Steel 
in Brine Tanks 


When dealers in “antiques” of modern 
manufacture wish to rust and pit iren 
and steel into semblance of antiquity. 
they often immerse it in salt water. 


They have no use for NO-OX-ID. 


But ice manufacturers must immerse 


their freezing cans in brine and eflie- 


cient operation dictates. “no rust.” They have NO-ONX-ED has been proven in superiority for 
creat use for NO-OX-LD. Every plant in Buf- fifteen vears. Whatever your association with 
uses it. ‘Thousands of plants the the metal industry. knowledge of NO-OX-LD 
world over use it and the verdict is that for will profit vou. How may we serve 7 


tddress us 310 Seuth Wichigan trenue. Chicage: 205 East 
find St... New York, or 2454-64 Dundas St... West, Torente 


DE ARBORN ( HE MICAL COMPANY 


4 House of Chemical Established 18% 


ong-lived effectiveness. ease of applica- 
tron and low first cost. NO-O\-LD wins. 
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Helpful charts showing 
the hardening and tem- 


pering characteristics of 


the various Columbia 


Tool Steels are part of 


the service to users. 


... Ask about them. 


COLUMBIA TOOL STEEL COMPANY 


MAIN OFFICE ANO WORKS 
500 E. 14TH STREET. CHICAGO HEIGHTS. ILLINOIS 


COMPANY 


A MERIC 


Pirrsauncr 


For Exacting Service 


Insist upon USS Srainvess Steel Sheets— produced ina 


number of pr ides and finishes, and adapted to a wide 
range of appheations, Write for literature and full in 
| formation on the following alloys 
| USS Crromium-Nicket Steels, dustenstics 18-8; 18.12; 25-12 
USS Steels, 12; 17; 27 


This ¢ npany als factur gh ere Rack a (salva 
Tin and Ver Plates tor all k 


AMERICAN SHEET AND TIN PLATE COMPANY, Pittsburgh, Pa. 


«SUBSIDIARY OF UNITED Us STATES STEEL CORPORATION 
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(Cont. from page 47) oxygen content. For 
stance, a flame with an excess of acetyk 
(ratio 0.89) raises the carbon content at the c: 
ter of the weld in 0.05°. carbon strip to 0.27 
This is shown metallographically and by Roc! 
well hardness tests. It is supposed that t! 
slightly lower strength concurrent with much 
higher carbon and hardness in welds made will) 
“reducing flames” is explained by a very irregu 
larly distributed carbon content. 

It may be concluded that the proportion of 
orvvgen to acetylene in a machine welding blow 
pipe should not be under unity. On the othe: 
hand, because hand welding with a flame having 
a ratio between 1.0 and 1.2 oxygen to acetylen 
gives welds with the highest tensile strength. a 
similar mixture should be regarded as best to 
use with machine welding. Nevertheless, it is 
best to stay in the upper range. 


HANS DIERGARTEN 


Quenching of Steel.. 


...an answer to your problems 


By HERBERT J. FRENCH 

late of the Bureau of Standards, 

now with International Nickel 
Company. 


book is a comprehensive discus 

sion of cooling characteristics of var- 
ious cooling media (coolants). Cooling 
properties are given for both surface and 
center cooling of a given mass of steel. 
Data for center cooling are summarized 
graphically and in equations which per- 
mit computation of center characteristivs 


of various sizes and shapes of steel. 


172 pages, 6 x 9, 105 illustra- 


tions ... bound in red cloth. 
$550 


Mail Your Order Today 


American Society for Steel 
7016 Euclid Ave. Tr -aling Cleveland, Ohio 
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N the six years since its first inception, 
if the nitrogen surface-hardening process 
has made rapid strides. Further develop- 
ments are in progress. New fields of ap- 
plication are constantly being opened up. 

Eminent engineers agree that the ni- 
triding process has been one of the out- 
standing metallurgical achievements of 
the past decade; today thousands of parts 
for diverse purposes are produced by 
its aid. 

If you have not checked the possible 
applications of nitralloy and the nitriding 
process for new production economies and 
product betterment within the past twelve 
months, we suggest you do so at once. 

For complete information, write or 
phone any Ludlum branch office or mail 
the coupon. An inquiry places you under 
no obligation. 


Typical applications 
of Nitralloy 


LUDLUM STEEL COMPANY 
Watervliet, New York 

lam interested in information re recent eve.iop 
ments in Nitralloy and the Nitriding process 


LUDLUM STEEL CO., WATERVLIET, NEW YORK pail 


me 


‘OOL STEELS - NEVASTAIN - NITRALLOY - CARMET METALS 
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» 1933 


61 


| 
hi 
| | iy 
MAY 


Convenience in Hardness Testing 
Makes for SPEED, 
ECONOMY, ACCURACY 


The MONOTRON has now come into gen- 
eral use by discriminating establishments 


because 


A. It has the required Adaptability and con- 
vemence im operation upon which speedy 
and satisfactory service 
depends 


B. Two Dials show more 
than any one Dial tester, 


solving problem of ap 
ple ation to all known 
materials of any hard 


Not Most Expensive ) 
Machine to Install 


additional information 
see our Balletins M-5. 
bree upon request 
For a Good Single 
Dial Tester We Offer 


The SCLEROSCOPE 
(Latest Improved) 

(June k, accurate, more 
popular than ever, it has 
the only simplified (Centi- 
grade) seale which iw un- 
derstood and quoted = the 
world over. The only tester 


that is 100% portable, and 


operative on work of un 
limited size. Accurate con- 
versions to Brinell The SC LER. 


Bulletins No. 22 and OSCOPE, 
The MONOTRON No. 30 mauled free 100% Portable 


THE SHORE INSTRUMENT MEG. CO. 


Van Wyck Ave. & Carll St. Jamaica, New York, N.Y, 


ALUMINU 


VIRGIN METAL 


AND 


ALLOYS 


FOR ALL PURPOSES 


INFORMATION, BOOKLETS ON REQUEST 


THE 


BRITISH ALUMINIUM CO. 


U.S. AGENCY 


ARTHUR SELIGMAN 
122 EAST FORTY-SECOND ST., NEW YORK 


Correspondence 


3. Solidification, which changes the 
centration of the various elements in the liquid 
phase, owing to the crystallization of solids 
whose chemical composition is different: from 
the mother liquor. 

All these causes may interact so as to mod- 
ifv the nature and the chemical composition of 
inclusions previously formed in the metal. Sine: 
the equilibrium between inclusion and metal is 
very unsteady, any modification of the metal 
during refining has its own influence on the 
nature and the proportion of inclusions. To 
give one example only, we may say that a micro- 
graphical study of samples taken during the 
refining of a mild basic steel showed that every 
variation of the oxygen or sulphur content not 
only modified the proportion of sulphides, ox- 
ides, and oxy-sulphides, but also the variation 
in manganese content modified the composition 
and the form of the same oxides and sulphides, 
because it also varied their manganese content. 
During carburization of the bath the quantity 
of oxides decreased, but on the other hand, the 
addition of silicon caused silicates to appear, 
and the further addition of aluminum formed 
alumina inclusions when the quantity of alumi- 
num in the metal was suflicient, or, if insulli- 
cient, the formation of silico-aluminates (which 
are similar to the mineral garnet). 

In fact, one may observe every stage of thi 
operation and draw up a table showing the 
parallel between the modifications of the chem- 
ical composition of the metal and the modifi 
cations of the nature and composition of the 
inclusions. This mutual influence is not ob- 
served when inclusions are made artificially and 
incorporated into the melted iron. This lias 
frequently been done in the past. Of course, 
the special elements of steel (more particu 
larly chromium, tungsten, and molybdenum) 
give particular oxidized or sulphuretted com- 
binations, 

From a practical point of view, this e.- 
plains how some variations in the operating 
methods may have a large influence upon tf 
quality of the metal. 

ALBERT PoRTEVIN 
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The list of companies regularly using Gathmann Ingot 
Molds reads like a blue book of the steel industry. 


YOUNG 


: 


a3 


HIS battery of Gathmann 
» » » » Big-End-Up Ingot Molds 


is graphic evidence that THE YOUNGSTOWN SHEET 
& TUBE COMPANY wisely operates on the basic prin- 


ciple that «Sound Steel begins in the ingot.” 


Careful purchasers of steel appreciate the significance 
of Gathmann Molds as “regular” practice, as they 


have been at Sheet and Tube for many years. 


IUND STEEL BEGINS I N THE | N 
THE GATHMANN ENGINEERING COMPANY 
BALTIMORE MARYLAND 
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ican Society for Steel Treating, an 
organization for the promotion of the 
arts and sciences connected with the 
manufacture and treatment of metals. 
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